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Abstract

Gross motor skills are an important component of a child’s health and development. Higher
levels of competence in gross motor skills are positively associated with lower adiposity,
higher levels of physical activity and physical fitness, and a higher perceived motor
competence, as well as developmental outcomes such as cognitive development. However,
children, and especially preschoolers, demonstrate low levels of gross motor skills. Given
the importance of gross motor skills and the low levels demonstrated, early commencement
of gross motor skill promotion is recommended. To address the gaps in the literature on
gross motor skills in young children (under the age of five years), the following Doctoral
research has been completed.

This Doctoral research comprises four studies resulting in six peer-reviewed papers and
addresses several gaps in the literature regarding gross motor skills in the early years.

The first study screened for gross motor delay in preschool-aged children (mean age = 54.0
± 8.8 months, 51.9% boys) from low-income communities and investigated potential risk
factors associated with gross motor delay. In the sample, 7% of children were delayed in
gross motor skills and 9% were at-risk of delay. Sex, weight status, family income and
parental employment were related to gross motor delay. Results are presented in the first
paper, Chapter 3.

The second study was an updated systematic review (2007-2015) on the efficacy of gross
motor skill interventions in children under the age of five years. Seven articles were
included and all interventions were delivered in early childhood education and care settings.
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Four studies had a high methodological quality and six studies reported statistically
significant intervention effects. Compared to the original review, which included 17 studies
prior to June 2007, the quality of studies has improved but not the quantity.
Recommendations included the need for more high quality studies using evidence-based
interventions to improve gross motor skills in young children. Additionally, interventions
should include professional development for educators in the area of gross motor skills to
improve the quality of practice in early childhood settings and include parents to encourage
the provision of opportunities, encouragement and support for children to develop their
gross motor skills. Results are presented in the second paper, Chapter 5.

The third study examined the effects of an object control skill intervention on preschoolaged girls’ object control skill performance. This randomized controlled trial involved a
high autonomy (i.e. children chose what object control skills to practice), mastery-based
9-week motor skill intervention (CHAMP) involving 54 girls (mean age = 47.2 ± 7.4
months; CHAMP n = 38, control n = 16). Object control skill competence was assessed at
pre-test, post-test, and retention test (18 weeks after pre-test) and results demonstrated
significant improvements in girls’ object control skills in the CHAMP group compared to
the control group both at post-test and retention test (p < 0.001). This paper is presented in
Chapter 7.

The fourth and main study of this Doctoral research addressed the gap in the literature on
gross motor skills in children under the age of three years. Given the limited amount of
evidence in this young age group and the need for high quality evidence-based
interventions, the Behavioral Epidemiology Framework was used to structure this study.
This framework proposes a general sequence of studies over five phases on health-related
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and developmental-related behaviors to lead to evidence-based public health interventions.
The main study of this Doctoral research concentrated on two of the five phases of the
framework (e.g. Phases 1 and 3) in order to provide a foundation for effective and evidencebased interventions in this young age group.

The main study used a cross-sectional design and examined current levels of gross motor
skill competence, associated health-related and developmental factors such as physical
activity and cognitive development, as well as several socio-demographic factors such as
sex, age, BMI and socio-economic status. The sample included 335 toddlers
(mean age = 19.8 ± 4.1 months; 53.7% boys) from 30 early childhood education and care
services. Gross motor skills were assessed using the Peabody Developmental Motor Scales
– 2nd edition (PDMS-2), physical activity was measured using accelerometers (Actigraph
GT3X+) and cognitive development was assessed using the Bayley Scales of Infant and
Toddler Development – 3rd edition (Bayley-III). Gross motor skills were not associated
with total physical activity or moderate-to-vigorous physical activity (MVPA). Similarly,
no associations were found when boys and girls were examined separately. Gross motor
skills were significantly associated with cognitive development (p < 0.001). These
associations were also significant when examining the locomotion and object control skills
subtests (p < 0.001). Stationary skills were not associated with cognitive development.
When examining the current levels of gross motor skills in this sample of Australian
toddlers, around one-quarter (23.5%) of the children performed below average in gross
motor skills (gross motor quotient; GMQ). For the different gross motor skill subtests,
34.3% of the children performed below average on the locomotor skill subtest, 10.1%
scored below average on the object control skill subtest and 0.3% scored below average on
the stationary skill subtest. A significant sex difference was found for object control skills,
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where boys outperformed girls (p < 0.05). Age and a higher socio-economic status were
found to be negatively associated with gross motor competence (all p < 0.05). Results are
presented across three papers, Chapters 9 to 11.

This Doctoral research filled an important gap in the literature as these early years in life
are critical for development. Results contributed to a better understanding of gross motor
skills in young children, especially in toddlers. Results can inform and guide researchers,
practitioners and policymakers on best practice and reinforces the importance and need for
early commencement of gross motor skill promotion and instruction. Gross motor skills,
including locomotor skills, object control skills, and stability skills, should be a strong focus
in early childhood education and care settings as these settings are ideal to reach a large
number of young children. Additionally, collaborations between researchers and early
childhood setting staff and professional development for staff in gross motor skill
development is recommended as this is an important component for future gross motor skill
interventions regarding translating research into practice.
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Thesis style

This Doctoral research comprised of four distinct studies conducted to address several
research gaps in the area of gross motor skills in the early years (children below the age of
five years). These studies were conducted in different age groups (e.g. toddlers ages 11 to
29 months and preschoolers aged three to five years) and had different study designs (e.g.
cross-sectional, randomized controlled trial, systematic review) and purposes (e.g. examine
prevalence, associations, interventions effects), and have led to the drafting and submission
of six journal articles. In order to present this Doctoral research as a coherent whole, this
thesis has been prepared in journal article compilation style.
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Chapter 1
Introduction

Gross motor skills are an important component of a child’s health and development
(Gallahue & Ozmun, 2002). They are commonly referred to as the “building blocks” of
movement and physical activity and form the foundation of many of the skills required in
sports and other types of physical activity. Gross motor skills consist of locomotor skills
(e.g. jumping, running and hopping), object control skills (e.g. throwing, kicking and
catching; also object manipulation skills or ball skills) and stability skills (Gabbard, 2008).

Higher levels of gross motor skill competence are positively associated with health-related
factors such as adiposity, physical activity and fitness, and perceived motor competence in
children and youth (Lubans, Morgan, Cliff, Barnett, & Okely, 2010; Robinson et al., 2015).
Conversely, if these skills are not well-developed and mastered, children are more likely to
experience a range of adverse challenges throughout their school years such as poorer
cognitive performance (Best, 2010; Piek, Dawson, Smith, & Gasson, 2008; van der Fels et
al., 2015) and poorer language and social skills (Leonard & Hill, 2014). Despite the
importance of gross motor skills for healthy developmental trajectories, current levels of
gross motor skills in children are suboptimal and there is a lack of studies examining gross
motor skills in young children, especially children under the age of three. This is important
as promoting gross motor skills early might be an important avenue to target poor gross
motor skill competence and therefore physical inactivity, poor cognitive development and
an unhealthy weight status throughout life.

This Doctoral research addressed several gaps in the literature regarding gross motor skills
in the early years. Four studies were conducted resulting in six peer-reviewed papers. Two
studies involved secondary data analyses on gross motor skills in preschool-aged children,
one study was a systematic review of the literature on gross motor skill interventions in
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children up to five years of age and the final, main study comprised three papers examining
gross motor skills in children under the age of three. Currently, three papers have been
published in international peer-reviewed journals (Chapters 5, 7 and 9) and three papers are
under review for publication in international peer-reviewed journals (Chapters 3, 10 and
11).

The following paragraphs discuss the chapters included in this thesis and explain the
relationships between the different studies in order to present this Doctoral research as a
coherent whole. An overview of the different studies and the specific research questions
addressed is presented in Table 1.1.
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Table 1.1 Research questions for the four studies included in this Doctoral Research.
Study 1: Prevalence and risk factors of gross motor delay in preschoolers from low-income communities.
Research Questions:
1. What is the prevalence of gross motor delay or being at-risk of gross motor delay in children aged three to five
Chapter 3
years from low-income communities in Australia?
2. What socio-demographic risk factors are associated with gross motor delay or being at-risk of gross motor delay
in children aged three to five years from low-income communities in Australia?
Study 2: Efficacy of gross motor skill interventions in young children: an updated systematic review.
Research Questions:
Chapter 5
1. What is the efficacy of gross motor skill interventions in children aged birth to five years in studies published
between 2007 and 2015?
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Table 1.1 Research questions for the four studies included in this Doctoral Research (continued).
Study 3: Promoting object control skills in preschool-aged girls.
Research Questions:
1. What is the immediate effect of a nine-week object control skill intervention on object control skills in preschool-aged
Chapter 7

girls?
2. What is the retention effect of a nine-week object control skill intervention on object control skills in preschool-aged
girls after 9 weeks?

Study 4: Gross motor skills in children under the age of three years.
Research Questions:
1. What is the association between gross motor skills and physical activity in children aged 11 to 29 months?
Chapter 9
2. Do the associations between gross motor skills and physical activity in children aged 11 to 29 months differ by sex or
type of skill (e.g. locomotor skills, object control skills or stationary skills)?
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Table 1.1 Research questions for the four studies included in this Doctoral Research (continued).
Study 4: Gross motor skills in children under the age of three years.
Research Questions:
1. What is the association between gross motor skills and cognitive development in children aged 11 to 29 months?
Chapter 10

2. Do the associations between gross motor skills and physical activity in children aged 11 to 29 months differ by type
of skill (e.g. locomotor skills, object control skills or stationary skills)?

Research Questions:
1. What is the current level of gross motor skills in children aged 11 to 29 months?
Chapter 11

2. Do the levels of gross motor skills in children aged 11 to 29 months differ by sex, age or type of skill (e.g. locomotor
skills, object control skills or stationary skills)?
3. What socio-demographic factors are associated with levels of gross motor skills in children aged 11 to 29 months?
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An overview of the current literature on gross motor skills is provided in Chapter 2. This
includes an explanation of gross motor skills, how these skills develop and the history of
motor development research. The importance of gross motor skills is discussed, as well as
some of the known correlates associated with gross motors skills and some of the
measurement tools used to assess gross motor skills. Finally, the prevalence of gross motor
skill competence is discussed.

Chapter 3 presents the first study of this Doctoral research and involved secondary data
analysis of the Early Start Baseline Study. This project was the first to assess early
childhood development across a number of domains including gross motor development in
low-income communities with a high proportion of Australian Aboriginal children. It total,
34 early childhood education and care services situated across New South Wales and the
Australian Capital Territory were involved. The aim of this study was to screen for gross
motor delay in preschool-aged children from low-income communities and investigate
potential risk factors associated with gross motor delay.

The next chapter in this thesis, Chapter 4, evaluates the literature on interventions
conducted to promote gross motor skills in children under the age of five years of age. Two
systematic reviews are discussed in this chapter (Logan, Robinson, Wilson, & Lucas, 2011;
Riethmuller, Jones, & Okely, 2009).

As there is growing interest in gross motor skills in especially young children, there is a
need to further review the evidence in this area. Therefore, the second study of this Doctoral
research was a systematic review. The aim of this systematic review was to update a
previous systematic review published eight years ago on the evidence on the efficacy of
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gross motor skill development in young children (< five years). This systematic review is
presented in Chapter 5.

Given the importance of gross motor skills to several health- and developmental-related
areas and the low levels demonstrated by preschoolers and children, early commencement
of gross motor skill promotion is recommended as well as high quality studies using
evidence-based interventions in young children (Chapters 2 - 5). Additionally, there is a
need for more research on gross motor skills in children under the age of three as this age
group might be important to target for gross motor skill development before poor
techniques have developed and while children are motivated to learn. Chapter 6 discusses
the current gap in the literature regarding gross motor skill interventions in the early years.

The third study of this Doctoral research addressed the current research gap by examining
the effects of an evidence-based intervention. This study involved secondary data analysis
of the CHAMP study and is presented in Chapter 7. The aims of this study were to examine
the immediate and retention effects of an object control skill intervention on preschool-age
girls’ object control skill performance.

In order to address the gap in the literature on gross motor skills in children under the age
of three and to design evidence-based interventions in this young age group, the Behavioral
Epidemiology Framework was used (Sallis, Owen, & Fotherinham, 2000). This framework
proposes a general sequence of studies on health- and developmental-related behaviors in
order to lead to evidence-based public health interventions. The framework consists of five
phases: 1. Establish links between behaviors and health; 2. Develop methods for measuring
the behavior; 3. Identify factors that influence the behavior; 4. Evaluate interventions to
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change the behavior; and 5. Translate research into practice. Since gross motor skills under
the age of three years is a relatively young area of research, the main study of this Doctoral
research concentrated on the earlier phases of the framework (e.g. phases 1 and 3) in order
to provide a foundation for effective and evidence-based interventions in this young age
group. Both the research gap in children under the age of three years and the framework
are discussed in Chapter 8.

The fourth and main study of this Doctoral research addressed the gap in the literature on
gross motor skills in children under the age of three years. This study was cross-sectional
in design and aimed to examine the current prevalence and socio-demographic distribution
of gross motor skill competence and associations with health and developmental factors.
This study addressed phases 1 and 3 of the Behavioral Epidemiology Framework and
results are presented in alignment with this Framework.

The fourth and main study of this Doctoral research had three aims:

Aim 1:

To examine the associations between gross motor skills and physical
activity in children between the ages of 11 and 29 months.

Aim 2:

To examine the associations between gross motor skills and cognitive
development in children between the ages of 11 and 29 months.
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Aim 3:

To describe the level of gross motor skill competence in children between
the ages of 11 and 29 months and how these levels differ by sex, age and
socio-economic status.

The outcomes of the main study are presented in Chapters 9, 10 and 11, respectively.
Results fill an important gap in the literature as the early years of life are critical for
development. These data add to the literature informing evidence-based interventions in
this age group and advances the understanding of the levels of gross motor skills in young
children. This in turn can guide researchers and practitioners as to whether and how
preventive strategies should be put in place early to promote gross motor skills.

Chapter 12 discusses the main findings of this Doctoral research in light of the current
literature in this research area and summarizes the strengths and limitations of the different
studies. Implications for future research, as well as practical implications and overall
conclusions are provided.
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Chapter 2
Gross motor skills

This chapter explores the relevant background literature which will provide a rationale for
the studies undertaken as part of this Doctoral research. First, gross motor skills will be
defined followed by a brief history of motor development research. Second, the
development of gross motor skills will be discussed. Third, the importance of gross motor
skills will be highlighted through associated health-related and developmental benefits and
some of the known correlates associated with gross motor skills will be described. Third,
measurements of gross motor skill development will be briefly reviewed and the prevalence
of gross motor skill competence for children will be discussed.

2.1 Gross motor skills
Gross motor skills are seen as the building blocks of movement and physical activity. They
form the foundation for specialized skills and advanced motor behavior required for
popular games and sports (Payne & Isaacs, 2011). Gross motor skills involve using the
large muscles in the body to produce movement and they can be subdivided into locomotor
skills, object control skills and stability skills (Gabbard, 2008; Gallahue & Ozmun, 2002).
Locomotor skills involve movements that transport the body from one place to another such
as jumping, running and hopping. Object control skills (also known as object manipulation
skills or ball skills) involve movements that control and manipulate an object from one
place to another such as throwing, kicking and striking. And stability skills involve the
ability to sense and react to changes in the relationship between body parts that alter a
persons’ balance.
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2.2 History of motor development
Motor development originated from two disciplines, being psychology and biology, and
can be described by four eras (Clark & Whitall, 1989). The precursor period (1787-1928)
was characterized by descriptive observations which led to the identification of common
sequences in motor behavior and their transitions. Emerging from these observations was
the nature versus nurture discussion which had a large influence on developmental theory.
The theoretical foundation for developmental psychology originated from this period. The
maturational period (1928-1946) was characterized by multiple-subject studies instead of
single-subject studies leading to the observation of the relationship between the process
and product of development. The main developmental process focused on was maturation,
whereas processes such as learning (McGraw, 1935) and acculturation (Gesell, 1954) were
acknowledged. A normative scale of motor development for the first three years of life was
developed (Bayley, 1935; 1936) and the chronology of motor and mental processes was
documented over a 2-year period (Shirley, 1931). The normative/descriptive era (19461970) was characterized by physical educators wanting to understand the development of
gross motor skills in primary school children. This led to a shift from focusing on the
process of motor development to the product of motor development and the description of
the biomechanics of movement (Espenschade, 1960; Halverson, 1966; Hellebrandt, Rarick,
Glassow, & Carns, 1961; Rarick & Thompson, 1956). The fourth and final era, the processoriented period (1970-present) was characterized by an increase in the amount of motor
development research. During this period, motor development research shifted from
describing gross motor skill development to examining how gross motor skills develop.
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2.3 Gross motor skill development
Motor development is defined as the progressive change in motor behavior throughout life
resulting from the interactions of biological processes, the conditions of the environment
and the requirements of the task (Clark & Whitall, 1989; Gabbard, 2008). Motor behavior
in this case refers to observable changes in learning and performing of particular
movements or gross motor skills. Gross motor skill development specifically is the focus
of this thesis, rather than the broader definition of motor development.

The process of motor development is unique for every individual and is age-related but not
age-dependent (Malina, 2004). Children develop motor skills following specific
developmental sequences but the progression towards reaching a mature stage varies. It is
a continuous process of modification that is influenced by several factors such as
neuromuscular maturation, the rate of physical growth, biological maturation and
behavioral development, and the effects of both previous and new movement experiences
(Malina, 2004).

Motor development starts with reflexes which can be elicited in the fetus and therefore has
its origin in the prenatal period (Gabbard, 2008). Reflexes are defined as involuntary
movement reactions evoked by sensory stimuli such as sound, light or touch and are
primarily controlled by the subcortical areas. With increasing maturity of the central
nervous system, the brain stem and midbrain take over command of reflexes and eventually
they become inhibited and voluntary movements take over. Spontaneous movements or
stereotypies have been described as transitional behaviors because they occur when some
level of control over body parts has been developed but intentional, goal-directed action is
not yet possible. Spontaneous movements are repetitive movements that occur without any

14

known stimuli. Alongside these spontaneous movements, an increase in basic voluntary
movements is seen (Gabbard, 2008).

Rudimentary behavior and initial voluntary movement responses, span from birth to around
two years of age and generally develop in a cephalocaudal-proximodistal direction. These
two developmental directions are commonly referred to as they indicate the direction of
which growth and maturation take place: cephalocaudally and proximodistally (Payne &
Isaacs, 2011). Cephalocaudal means “from the head to the tail” and refers to the
development of the human body from the head down to the feet. Proximodistal means
“from those points close to the body’s center to those points furthest away from the body
center” and is seen in both human prenatal growth as well as in the process of acquiring
movement skills (Payne & Isaacs, 2011).

Once rudimentary motor abilities have been acquired, children start to develop fundamental
motor behaviors, also known as gross motor skills (Gabbard, 2008). For typically
developing children, gross motor skills develop from ages two to six or seven years. In
general, gross motor skills do not develop naturally but rather need to be taught. Mastery
of these skills cannot be achieved without appropriate instruction and opportunities for
practice, encouragement and feedback (Gallahue & Donnelly, 2003; Riethmuller et al.,
2009; Veldman, Jones, & Okely, 2016).

Mastery of gross motor skills is important in order to reach the advanced motor behavior
necessary for physical activities throughout life. This is supported and emphasized by
several models on motor development. The “proficiency barrier” was introduced by
Seefeldt (1980), suggesting a certain level of gross motor skill competence or proficiency
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was necessary to be able to engage in games and sports (Seefeldt, 1980). More recently,
the “mountain of motor development” was introduced by Clark and Metcalfe (2002),
suggesting gross motor skills are a step in climbing a mountain towards attainment of
adaptive, skilled motor actions (Clark & Metcalfe, 2002). Both models suggest that if
children do not reach a competent level of gross motor skills, they will not have the
foundation for specialized movements or engagement in physical activities and sports
throughout life.

2.4 Importance of gross motor skills
Gross motor skills are an important component of a child’s health and development, with
these skills being directly related to several health-related outcomes such as physical
activity (Holfelder & Schott, 2014; Logan, Webster, Getchell, Pfeiffer, & Robinson, 2015;
Lubans et al., 2010; Wrotniak, Epstein, Dorn, Jones, & Kondilis, 2006), weight status
(Logan, Scrabis-Fletcher, Modlesky, & Getchell, 2011; Lubans et al., 2010),
cardiorespiratory fitness (Cattuzzo et al., 2016; Lubans et al., 2010) and perceived motor
competence (De Meester et al., 2016; Robinson, 2011). They are also related to several
developmental areas such as cognition, social and language development (Diamond, 2000;
Leonard & Hill, 2014; van der Fels et al., 2015).

In 2008, Stodden et al. (2008) introduced a conceptual model on the dynamic and reciprocal
relationships between physical activity, motor competence, perceived motor competence,
health-related physical fitness and obesity (see Figure 2.1) (Stodden et al., 2008). This
model addressed the potential role of motor development in promoting positive
developmental trajectories by suggesting that the relationships will create a positive spiral
of engagement with high motor skill competence, higher perceptions of motor skill
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competence, greater physical activity, and higher levels of health-related physical fitness
promoting a healthy weight status. These relationships are suggested to strengthen over
time.

Figure 2.1 Developmental model on the relationships between motor competence,
perceived motor competence, health-related physical fitness, physical activity, and risk of
obesity (Stodden et al., 2008).
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Six years after publication of the conceptual model, the evidence for the proposed
relationships was reviewed by Robinson et al. (2015) (Robinson et al., 2015). Positive
associations between gross motor skill competence and perceived motor skill competence
as well as physical activity, cardiorespiratory fitness, muscular strength, muscular
endurance and a healthy weight status were identified. However, evidence regarding the
strength of the associations across time remained unanswered.

Although gross motor skill development is critical in several diverse areas of a child’s
health and development, the relationships between gross motor skills and physical activity
and cognitive development are the most pertinent to this Doctoral research and will
therefore be the main focus of the following sub-sections of this literature review.

2.4.1 Physical activity
The relationship between gross motor skills and physical activity has been examined in a
recent systematic review among children and adolescents (aged three to 18 years) (Logan
et al., 2015). Results revealed a positive relationship between gross motor skills and
physical activity and associations were identified across all age groups. Most studies
included in this review focused on older children or adolescents with only a few studies
examining this relationship in younger children (< five years). Williams et al. (2008)
examined the relationship between gross motor skills and physical activity in 198 children
aged three to four years and found significant positive associations between total motor
performance and MVPA and vigorous physical activity (VPA) (Williams et al., 2008).
Similar results were found in a study by Fisher et al. (2005), who reported a weak but
significant positive correlation between total gross motor skill score and physical activity
in 394 children aged three to five years (Fisher et al., 2005). Another study examined the
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relationship between gross motor skills and physical activity in 46 children (aged three to
five years) and specifically looked at gender differences (Cliff, Okely, Smith, & McKeen,
2009). They found a positive association between object control skills and physical activity
among boys, while locomotor skills and physical activity were inversely associated among
girls.

Developing gross motor skills during childhood appears to be an important predictor of
physical activity during adolescence and adulthood (Barnett, van Beurden, Morgan,
Brooks, & Beard, 2009; Gallahue & Donnelly, 2003; Wrotniak et al., 2006). Barnett et al.
(2008) conducted a longitudinal study examining gross motor skills and physical activity
in 276 children over a seven-year period (Barnett, Beurden van, Morgan, Brooks, & Beard,
2008; Barnett et al., 2009). Results indicated that time spent in MVPA and organized
physical activity during adolescent years (mean age = 16.4 years) was positively associated
with childhood object control skill competence at age 10 (Barnett et al., 2009). Given these
results, intervening at a young age to improve object control skills might be critical in
preventing the decline in MVPA and organized physical activity seen during adolescence
(Hallal et al., 2012).

2.4.2 Cognitive development
A recent systematic review examined the relationship between motor skills and cognition
in four to 16 year old typically developing children (van der Fels et al., 2015). Different
categories of motor skills were included such as gross motor skills, fine motor skills,
bilateral body coordination, timed performance in movements, object control skills and
overall motor score. In total, 21 articles were included with mixed (weak to strong)
associations. Most evidence for correlations was seen when examining underlying
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categories of motor skills and cognition and these included the categories object control
skills, fine motor skills and timed performance in movements (van der Fels et al., 2015).

Few studies have examined the association between gross motor skills and cognitive
development in children below the age of five years. Two studies conducted in infants (ages
three to 16 months) examined the relationship between motor and cognitive development
(Pereira, Saccani, & Valentini, 2016; Pereira, Valentini, & Saccani, 2016). Both studies
used the Alberta Infant Motor Scale (AIMS) to assess infant motor skills and the Bayley
Scales of Infant and Toddler Development – 2nd edition (Bayley-II) mental scale to assess
infant cognitive development. In both studies motor and cognitive development were
strongly associated. Houwen et al. (2017) examined the associations between motor
performance and parent-rated executive functions in 153 preschoolers (mean age = 4.1
years) (Houwen, van der Veer, Visser, & Cantell, 2017). Even though several relationships
were found between motor performance and executive function subscales, only the working
memory subscale was associated with motor performance after adjusting for age, sex,
socioeconomic

status

and

attention

deficit

hyperactivity

disorder

(ADHD)

symptomatology. A Swiss study conducted in preschoolers (n = 245, mean age = 5.2 years)
showed associations between motor skills and spatial working memory and attention
(Niederer et al., 2011).

Predictive studies have examined the effect of early motor development on cognitive
performance. In the Northern Finnish 1966 Birth Cohort (N = 12058) data were collected
on the age of onset of standing and walking, school achievements at age 16 and educational
level at age 31 (Taanila, Murray, Jokelainen, Isohanni, & Rantakallio, 2005). Children who
could stand and walk earlier had significantly better mean scores in school at age 16 and
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were more likely to have a higher education level at age 31 compared to children who
developed more slowly. A study conducted in the United Kingdom included 5362 children
born in 1946 (Murray, Jones, Kuh, & Richards, 2007). They collected data on motor
milestones at age two and intellectual function and educational attainment at ages eight, 26
and 53. Results indicated that the age of onset of standing and walking was associated with
intellectual performance at ages eight, 26 and 53. A study completed among 33 children
from six to 11 years who had been assessed on their gross motor skill development between
the ages of four months and four years examined a possible relationship between gross
motor skill development and cognitive performance at later age (Piek et al., 2008). They
found a strong relationship between motor skill development and cognition, especially for
processing speed and working memory.

2.4.3 Weight status and fitness
The systematic review by Lubans et al. (2010) examined gross motor skill competence and
associated health benefits in children and adolescents (ages three to 18 years) (Lubans et
al., 2010). In total, 21 studies were included with weight status being the most common
outcome. Nine studies investigated the relationship between gross motor skills and weight
status of which six studies found a positive association (Cliff et al., 2009; D'Hondt,
Deforche, De Bourdeaudhuij, & Lenoir, 2009; Erwin & Castelli, 2008; Graf et al., 2004;
McKenzie et al., 2002; Okely, Booth, & Chey, 2004; Southall, Okely, & Steele, 2004).
Four studies investigated the relationship between gross motor skills and cardio-respiratory
fitness, with all reporting positive relationships (Barnett, Beurden van, et al., 2008;
Marshall & Bouffard, 1997; Okely, Booth, & Patterson, 2001; Reeves, Broeder, KennedyHoneycutt, East, & Matney, 1999). One study found a positive association between gross
motor skills and both muscular fitness and flexibility (Erwin & Castelli, 2008).
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Two studies examined the relationship between gross motor skills and BMI in preschoolaged children (Logan, Scrabis-Fletcher, et al., 2011; Nervik, Martin, Rundquist, & Cleland,
2011). The study by Nervik et al. (2011; n = 50, mean age = 4.2 years) found the number
of children who scored below average on the gross motor quotient using the PDMS-2 was
more than three times higher for overweight children (50%) compared to non-overweight
children (15%). Associations between the gross motor quotient and BMI were highly
significant. Logan et al. (2011; n = 38, mean age = 5.1 years) also found significant
differences in gross motor skills and BMI in five-year-old children (Logan, ScrabisFletcher, et al., 2011). Results showed children with a high BMI had lower gross motor
skill competence compared to children with both a low or medium BMI.

2.4.4 Perceived motor competence
The association between perceived motor competence and motor skills was also examined
in three studies included in the systematic review by Lubans et al. (2010) (Lubans et al.,
2010). All three studies were conducted in children between the ages of nine and 16 years
and all reported an association with at least one subtest of motor skills (Barnett, Morgan,
van Beurden, & Beard, 2008; Rudisill, Mahar, & Meaney, 1993; Southall et al., 2004).
Several other studies have examined this association in children and most found positive
associations (LeGear et al., 2012; Toftegaard-Stoeckel, Groenfeldt, & Andersen, 2010).
Studies conducted in younger children (mean age < five years) will be further reviewed.
Robinson (2011) examined the associations in 119 preschoolers (mean age = 4.0 ± 0.6
years) (Robinson, 2011). Significant moderate correlations were found between gross
motor skills (total score) and perceived physical competence as well as with the different
subtests (locomotor and object control skills). Another study conducted in preschoolers
explored the relationships between actual and perceived gross motor competence in 101
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preschool-aged children (mean age = 4.9 years) (Lopes, Barnett, & Rodrigues, 2016). This
study did not find any associations between actual and perceived gross motor competence.

2.4.5 Social-emotional development
Gross motor skills and social interactions are hypothesized to be related as infants and
young children with better-developed motor skills might have more opportunities to
interact with others and develop social relationships (Leonard & Hill, 2014). However,
research in this area is limited and more studies are needed to examine the relationship
between gross motor skills and social-emotional development. A few studies conducted in
this area will be briefly discussed.

A longitudinal study in children (n = 88, 60.2% girls) reported that motor skills at age fiveto-six years were related to social behaviors such as disruptive, anxious-withdrawn and
prosocial behaviors at age six-to-seven years (Bart, Hajami, & Bar-Haim, 2007). A
prospective study (n = 80, 55% girls) related motor skills at age six and seven to social
status with peers at ages nine and 10 years (Ommundsen, Gundersen, & Mjaavatn, 2010),
while a cross-sectional study in five-year-old children found associations between motor
skills and both social- and non-social forms of play (Bar-Haim & Bart, 2006). In
adolescents, poor gross motor skill competence has been related to a lower self-esteem and
higher anxiety levels (Skinner & Piek, 2001).

2.4.6 Language
A few studies have investigated the relationship between motor skills and language
development. A large study conducted by Wang et al. (2012) investigated to what extent
communication and motor skills at three years of age were predicted by the level of those
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skills at age one and a half years (Wang, Lekhal, Aaro, & Schjolberg, 2014). The study
included 62,944 children and found that communication and motor skills were highly
correlated at age one and a half years. Motor skills at this age also positively predicted
communication skills at age three. Additionally, in both American and Chinese infants,
walking status between the ages of 10 and 14 months was associated with a larger
vocabulary (He, Walle, & Campos, 2015; Walle & Campos, 2014). Rowe and GoldinMeadow (2009) conducted a study to test if early gestures could predict later language
learning (Rowe & Goldin-Meadow, 2009). They found that early childhood gestures at 18
months predicted language skills at age 42 months. More research is needed to examine the
relationship between gross motor skills and language development as limited research has
been conducted in this area. This is beyond the scope of this Doctoral research.

2.5 Correlates of gross motor skills
Several correlates of gross motor skill competence have been identified in children. These
known correlates can be structured using ecological models in order to give understanding
of the dynamic relations and potential factors influencing behaviors. These influences can
occur on multiple levels and include intrapersonal, interpersonal, organizational,
community, physical environment, and policy (Sallis, Owen, & Fisher, 2008).

Factors that have been associated with the development of gross motor skills in young
children are presented in the ecological model in Figure 2.2. These factors include child,
family and environmental characteristics (represented by concentric circles in Figure 2.2).
Understanding factors that have an influence on gross motor skills is important in order to
optimize interventions and to decide for whom tailored and targeted interventions should
be developed.
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2.5.1 Child characteristics
Gross motor skills are influenced by different child characteristics including sex, age,
weight status and physical activity. There is strong evidence that being a boy is positively
related to gross motor skills. Especially in object control skills, boys tend to perform better
than girls (Barnett, Beurden van, Morgan, Brooks, & Beard, 2010; Barnett, Lai, et al., 2016;
Goodway, Robinson, & Crowe, 2010; Hardy, King, Farrell, Macniven, & Howlett, 2010;
Hardy, Reinten-Reynolds, Espinel, Zask, & Okely, 2012; Hume et al., 2009; Okely &
Booth, 2004; Spessato, Gabbard, Valentini, & Rudisill, 2012; Yang, Lin, & Tsai, 2015).
This sex difference is seen regardless of age. However, for locomotor skills there seems to
be no consensus. Several studies have shown that girls perform better at locomotor skills
compared to boys (Hardy, King, Farrell, et al., 2010; Hardy et al., 2012; Okely & Booth,
2004) whereas other studies report no sex differences in these skills (Bardid et al., 2016;
Barnett et al., 2010; Barnett, Lai, et al., 2016; Goodway et al., 2010; Hume et al., 2009).
For stability skills, some studies have shown girls perform better than boys (Krombholz,
2006; Venetsanou & Kambas, 2011). Historically, sex differences have also been
highlighted in the Michigan State University Motor Performance Study (Seefeldt &
Haubenstricker, 1982). This study was started in 1967 and examined the longitudinal
relationships between physical growth, biological maturity and motor skill acquisition in
children. Results showed that 60% of boys reached a mature one-handed overarm throwing
pattern at approximately five years (i.e., wind-up or backswing in the throwing arm that
precedes the arm moving forward for the projection of the ball with a step forward with
opposition and rotation of the lower body that progresses to the upper body and ends with
the release of the ball), while in girls this percentage was not reached until eight and a half
years of age. For kicking, 60% of the boys reached a mature form at age seven years (i.e.,
a rapid forward approach with a backward trunk lean during wind-up followed by a long
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step or leap prior to contacting the ball), while for girls the age was eight years. These sex
differences remained consistent across other object control skills (Seefeldt &
Haubenstricker, 1982).

Age also seems to be a strong predictor of gross motor skills as competence increases with
increasing age or grade (Barnett, Lai, et al., 2016; Iivonen, Sääkslahti, & Nissinen, 2011).
This relationship is seen across age groups, although it might change across developmental
periods due to biological and environmental factors such as maturation or opportunities to
practice gross motor skills.

Weight status also appears to play a role in gross motor skill development. There is strong
evidence that motor coordination is negatively associated with a higher BMI, but there is
indeterminate evidence for locomotor skills and no evidence for object control skills
(Barnett, Lai, et al., 2016). A study conducted in preschoolers suggested children who are
overweight or obese may have lower motor skill competence compared to normal weight
and underweight peers (Logan, Scrabis-Fletcher, et al., 2011). Other measures of adiposity
such as waist circumference and percentage of body fat seem to be negatively associated
with gross motor skills but this has not been examined enough in young children. Ethnicity
has also been suggested to have an influence on gross motor skills, but the evidence is
limited and mixed (Chow, Henderson, & Barnett, 2001). Children’s physical activity levels
also have an influence on the development of gross motor skills with several studies
reporting positive relationships (i.e. the more physical activity, the better the gross motor
skill development) (Barnett, Lai, et al., 2016; Barnett, Salmon, & Hesketh, 2016).
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Figure 2.2 Correlates of gross motor skills in children.
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2.5.2 Family characteristics
Gross motor skills are influenced by different familial characteristics and parenting styles
including socioeconomic status, parental education and employment, and the presence of
older siblings.

The socioeconomic status of the child’s family has been investigated in several studies and
a higher socioeconomic background is associated with better developed gross motor skills
as a whole as well as the locomotor and stability subtests of gross motor skills (Barnett,
Lai, et al., 2016). Parental education and employment also have an influence on gross motor
skills. Higher maternal and paternal education has been shown to be associated with better
developed gross motor skills (Cools, De Martelaer, Samaey, & Andries, 2011; Koutra et
al., 2012) as well as mothers who are employed (Koutra et al., 2012). The influence of older
siblings is inconclusive with some studies showing a positive relationship between gross
motor skill competence and having older siblings while other studies show negative
associations (Koutra et al., 2012; Krombholz, 2006). Parental behaviors and beliefs have
been examined by Cools et al. (2011) (Cools et al., 2011). Positive associations with gross
motor skill competence were found for father’s physical activity, high value for sports, and
active transport whereas placing a high value on winning was negatively associated with
gross motor skill competence.

2.5.3 Environmental characteristics
Community, childcare or preschool, and environmental characteristics positively influence
gross motor skills through the presence of gross motor skill programs (Iivonen &
Sääkslahti, 2013; Riethmuller et al., 2009; Veldman et al., 2016), physical education (at
least once a week) (Iivonen & Sääkslahti, 2013; Krombholz, 2006), the size of the
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playground area in childcare centers or preschools (Iivonen & Sääkslahti, 2013), and the
population density (Cools et al., 2011). The availability of toys and equipment also has a
positive influence on children’s gross motor skills (Barnett, Hinkley, Okely, & Salmon,
2013).

2.6 Measuring gross motor skills
A variety of assessment tools exist to measure or assess gross motor skills. These tools can
be used for different purposes such as categorizing or identifying persons according to their
gross motor skill level, planning treatment or instructional strategies, evaluating changes
over time, and providing feedback or predicting development (Burton & Miller, 1998).

Assessment tools can vary in type (e.g., product-oriented vs process-oriented), the number
of skills assessed (e.g., individual skills or subscales) and scoring procedures. Productoriented assessment tools evaluate the outcome of movements (e.g. number of times a target
is successfully hit or caught, running, kicking or throwing speed, or jumping or throwing
distance). Process-oriented assessment tools evaluate how movements are performed and
focus on the quality of movement. Examples of process-oriented assessment tools are the
Test of Gross Motor Development (TGMD) (Ulrich, 2000), Get Skilled Get Active
(GSGA) (NSW Department of Education and Training, 2000), the Movement ABC
(M-ABC) (Henderson, Sugden, & Barnett, 1992) and the Körperkoordiantions Test für
Kinder (KTK) (Kiphard & Schilling, 2007). These tools differ in administration due to the
content of performance criteria, the number of performance criteria, the number of skills
included, the equipment needed and whether or not performances are scored live or if they
need to be video recorded. An example of a test that is a combination of product- and
process assessments is the PDMS.
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The Test of Gross Motor Development – 2nd edition (TGMD-2) and the PDMS-2 will be
discussed in detail since both assessments tools are used in this Doctoral research.

2.6.1 The Test of Gross Motor Development – 2nd edition
The TMGD-2 is a standardized, reliable, and valid criterion-based test to assess gross motor
skill development in children aged three to 10 years (Ulrich, 2000). The test is used for
various purposes such as assessing one’s individual progress in gross motor skill
development, identifying children who are delayed in gross motor skill development
compared to peers, serving as a measurement tool in research, and evaluating gross motor
skill development after a motor program or intervention. The TGMD-2 is a processoriented instrument and evaluates children’s gross motor skills for six locomotor skills: run,
gallop, hop, leap, horizontal jump and slide, and six object control skills: two-handed strike,
dribble, kick, catch, overhand throw and underhand roll.

Each skill is demonstrated correctly and verbally described by an assessor prior to testing
and is assessed on three to five performance criteria. Children are asked to perform the skill
three times: one practice trial and two test trials. Each test trial is scored: ‘1’ if a
performance criterion is correctly executed or ‘0’ if a performance criterion is executed
incorrectly. The total amount of points that can be accumulated is 96 (48 points for
locomotor skills and 48 points for object control skills). Raw scores per subtest can be
converted into standard scores, percentiles or age equivalents if required. Standard scores
can then be converted into the GMQ. Additionally, standard scores can be categorized as:
‘Very superior’, ‘Superior’, ‘Above average’, ‘Average’, ‘Below average’, ‘Poor’ and
‘Very poor’.
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The TGMD-2 is a widely used assessment tool and popular in United States- and
Australian-based studies. The assessment tool was developed in the United States and
therefore aligns well with popular and common skills and activities (e.g. double-handed
strike aligns with baseball). This assessment tool was used in Study 3 of this Doctoral
Research (Chapter 7). At the time of the study, the TGMD-2 was the best available and
most appropriate tool to use to assess gross motor skills.

Currently, the third edition of the TGMD (TGMD-3) is being developed and the normative
data set is being finalized. The new version of the TGMD includes 13 skills to be assessed
(locomotor skills: run, gallop, skip, hop, horizontal jump and slide, object control skills:
two-handed strike, one-handed strike, kick, catch, dribble, underhand throw and overhand
throw). Publication of the Test of Gross Motor Development – 3rd edition is expected soon
(Center on Physical Activity & Health in Pediatric Disabilities, 2017).

2.6.2 Peabody Developmental Motor Scales – 2nd edition
The Peabody Developmental Motor Scales Second Edition (PDMS-2) is an assessment tool
validated in children aged zero through five years (Folio & Fewell, 2000). The purposes of
this tool are similar to those of the TGMD-2 described above. The PDMS-2 is both a
product- and process-oriented assessment tool and consists of three subtests: stationary,
locomotion and object control.

The child’s age determines the entry point of each subtest and a child is required to receive
a score of ‘2’ on three consecutive items. When a child fails to meet this requirement, the
test is administered backwards until the requirement is met. The test is administered by
correctly demonstrating the items to the child. While the child performs the item, the
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performance is assessed according to the scoring options provided per item (i.e., “2 – The
child performs the item according to the criteria specified for mastery”, “1 – The child’s
performance shows a clear resemblance to the item mastery criteria but does not fully meet
the criteria”, or “0 – The child cannot or will not attempt to perform the item, or the attempt
does not show that the skill is emerging”). Children are allowed up to three trials per item
to receive a score of ‘2’. The assessment finishes when a child receives a score of ‘0’ on
three consecutive items. Similar to the TGMD-2, the total amount of points accumulated
by a child on a subtest (raw score) can be converted into standard scores, percentiles or age
equivalents. Standard scores can be categorized into: ‘Very superior’, ‘Superior’, ‘Above
average’, ‘Average’, ‘Below average’, ‘Poor’ and ‘Very poor’. Using the standard scores,
the GMQ can be derived (Folio & Fewell, 2000).

The PDMS-2 was used in Study 4 of this Doctoral research as it was the most appropriate
assessment tool available to assess gross motor skills in children under the age of three
years.

2.7 Prevalence of Gross motor skills
Levels of gross motor skills have been reported across childhood and adolescence with less
studies being conducted in younger children (< five years of age).

Given the little amount of data on young children, prevalence levels in primary school
children will be briefly discussed as well. Three studies conducted in this age group showed
less than half of the children demonstrated mastery of gross motor skills (Hardy et al., 2012;
Okely & Booth, 2004; van Beurden, Zask, Barnett, & Dietrich, 2002). All studies had
samples sizes of over 1000 children and the ages ranged from six to 10 years. Sex
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differences were also seen, with girls scoring lower in object control skills compared to
boys. A more recent study examined the prevalence in preschoolers, primary school
children and adolescents aged three to eighteen years in Belgium (Bardid et al., 2016). This
study used the Test of Gross Motor Development – 2nd edition and included 1614 children.
Results demonstrated that overall 37% of the children scored below average in gross motor
skills.

To date, few studies have examined the prevalence of gross motor skill levels in young
children (< five years). An Australian study assessed gross motor skills in 330 children
across 60 preschools (mean age = 4.4 ± 0.4 years; 52% boys) (Hardy, King, Farrell, et al.,
2010). Results revealed almost 75% of the children mastered the run, but skill mastery was
lower for other skills: gallop (31%), hop (25%), jump (22%), strike (14%), catch (20%),
kick (35%), and throw (16%). Additionally, sex differences were reported. The number of
boys who mastered the strike, kick and overarm throw was significantly higher compared
to girls, whereas girls performed better at the hop. In India, motor development scores were
reported in children between birth and 60 months of age (Tripathi, Joshua, Kotian, & Tedla,
2008). Motor development was assessed using the PDMS-2 and in total 300 children were
included across six age groups (0-11, 12-22, 23-33, 34-44, 45-55 and > 55 months). Results
revealed children in all age groups scored ‘average’ for the stationary, locomotion and
object control subtest. In Portugal, 540 children aged 36-71 months were assessed using
the PDMS-2 and compared to the US norms (Saraiva, Rodrigues, Cordovil, & Barreiros,
2013). Portuguese preschoolers performed above US norms on the stationary subtests, and
below US norms on the locomotion and object control subtests.
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Overall, research has shown that levels of gross motor skill competence have decreased
over the past few decades (Bardid et al., 2016; Hardy, King, Farrell, et al., 2010; Hardy et
al., 2012). Given the number of unfavorable health and developmental outcomes associated
with poor skill competency in children, it is important to examine and monitor levels of
gross motor skills to ensure appropriate strategies can be put into place where needed. The
following chapter, Chapter 3, describes the first study of this Doctoral research. This study
focused on screening for gross motor delay in children from low-income communities in
Australia.

The following research questions were addressed by the first study:

1. What is the prevalence of gross motor delay in children aged three to five years
from low-income communities in Australia?

2. What socio-demographic risk factors are associated with gross motor delay or being
at-risk of gross motor delay in children aged three to five years from low-income
communities in Australia?
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Chapter 3
Prevalence and risk factors of gross motor delay in
preschoolers from low-income communities

This chapter has been submitted as: Veldman, S.L.C., Jones, R.A., Chandler, P., Robinson

L.E. & Okely, A.D. “Prevalence and Risk Factors of Gross Motor Delay in Preschoolers
from Low-income Communities.” Archives of Disease in Childhood (Under review).

3.1 Introduction
Poor gross motor skill competency among children is a growing concern as gross motor
skills are an important contributor to healthy growth and development. Gross motor skills
have been linked to several outcomes such as cognitive abilities, cardio-respiratory fitness,
self-perceptions, physical activity and weight status (Logan et al., 2015; Lubans et al.,
2010; Robinson et al., 2015; van der Fels et al., 2015). Additionally, motor development is
one of the key domains of early learning and development together with cognitive and
social-emotional development which are essential for school readiness and contribute to
long-term academic success and well-being (Office of Head Start, 2015).

Given the significant role of gross motor skills for children’s health and development,
delays in the normal developmental trajectory of these skills are a cause for concern. Early
screening may be beneficial in identifying gross motor delays and for potential intervention.
Limited data are available on the prevalence of gross motor delays in typically developing
children, with most screening studies focusing on children with additional needs (e.g.
cerebral palsy or autism). In Norway, the highest prevalence of developmental delay among
typically developing children was in gross motor skills (9% at age 12 months) compared to
communication, problem-solving or fine motor skills (Valla, Wentzel-Larsen, Hofoss, &
Slinning, 2015). Three studies conducted in Iran (age range 4 to 60 months) reported
between 3% and 6% of children were delayed in gross motor skills (Ghazavi, Abdeyazdan,
Shiravi, & Talakob, 2015; Sajedi, Vameghi, & Kraskian Mujembari, 2014; Yaghini et al.,
2015). In Ghana, 7% of the 330 children screened were delayed in the gross motor domain
and in France this was 5% (age 36 months; (Troude, Squires, L'Helias, Bouyer, &
Rochebrochard, 2011)). Saccani et al. (2012) concluded 11% of the 184 children aged 13
to 18 months were delayed in their motor development (Saccani, Valentini, Pereira, Muller,
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& Gabbard, 2013). A study conducted in China reported 11% of children aged 24 to 35
months were delayed or at risk of delay (Wei et al., 2015). Overall, 3 and 11% of the
children in these studies demonstrate gross motor delay.

In addition to the importance of early screening for gross motor delay, it is also essential to
examine the potential risk factors that may contribute to gross motor delays. Factors
associated with gross motor delay among typically developing children aged zero to five
years include in part, child characteristics (e.g. low birth weight (Saccani et al., 2013) and
prematurity (Bello, Quartey, & Appiah, 2013; Kerstjens et al., 2011; Saccani et al., 2013))
and family characteristics (e.g. low parental education (Bello et al., 2013; Saccani et al.,
2013) and low familial socio-economic status (Saccani et al., 2013; Wei et al., 2015)).
However, studies investigating both prevalence and risk factors of gross motor delay,
specifically in low-income areas, are scarce and need further investigation given the higher
prevalence of developmental delay (including motor delay) in these communities.

Therefore, the primary aim of this study was to screen for gross motor delay in children
from low-income communities in Australia. The secondary aim was to investigate the
presence of selected sociodemographic risk factors and their associations with motor delay
in these communities.

3.2 Methods
This study was part of the Early Start Baseline Project at the University of Wollongong.
This project was unique in gathering knowledge to understand early childhood
development (e.g. gross motor development), health status, parental and other demographic
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characteristics in low-income communities with a high proportion of Australian Aboriginal
children.

3.2.1 Participants
The study involved 34 early childhood education and care services situated across New
South Wales and the Australian Capital Territory. These were selected based on University
of Wollongong’s Early Start Index combining recognized indexes for socioeconomic
disadvantage and early development (ABS, 2011). Recruitment started in February 2014
and lasted 36 months. Data were collected during scheduled weeklong visits to the involved
services by trained data collectors between October 2014 and April 2015. All children who
were at least three years of age on the scheduled dates of assessment were eligible to
participate. All data collectors completed a New South Wales working with children check
(WWCC) before undertaking three days of training and practice in standardized
measurement procedures, protocols and appropriate communication skills for working with
preschool-aged children and their families from these communities.

Ethics approval was granted from the University of Wollongong Human Research Ethics
Committee (HE14/015). Prior to data collection, all participants and main caregivers of
underage participants gave written informed consent and all underage participants assented.
Involvement was voluntary and participants could withdraw their consent at any time
without consequences.
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3.2.2 Measurements
Data were collected on gross motor delay, child anthropometrics and child and parent
demographics. Reporting was done following the STROBE Statement (von Elm et al.,
2008).

3.2.1.1 Gross motor delay
The gross motor skill subtest of the Ages and Stages Questionnaire (ASQ), 3rd edition
(Squires & Bricker, 2009), was used to screen for motor delay. This is a valid, reliable and
accurate screening tool that covers 21 age groups from one month to 5.5 years. This study
used the 36, 42, 48, 54 and 60 month ASQ questionnaires to match the age range of the
participating children. The gross motor skill subtest consists of six items for each age group.
Examples of items include ‘Does your child jump with both feet leaving the floor at the
same time?’, ‘Does your child catch a large ball with both hands?’ and ‘Does your child
walk on his tiptoes for 15 feet?’. Items were administered by trained data collectors instead
of answered by parents. Children score points based on whether or not they are able to
complete an item: 10 points = yes, 5 points = sometimes and 0 points = not yet. The sum
of scores is compared to age-specific cut-off points provided in the manual resulting in a
final ‘risk of delay’: ‘developmental delay’, ‘at-risk of developmental delay’, and ‘on track
developmentally’.

3.2.1.2 Child anthropometric data
Height was measured to the nearest 0.1 cm using a Seca 217 portable stadiometer. The
child was positioned fully upright without shoes and with their head in the Frankfort Plane.
The measurement was completed twice and the average was used for analysis (a third
measurement was completed when the difference between the first two measurements was
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greater than 0.5cm). Weight was measured to the nearest 0.1 kg using a portable Seca 874
Scale. The child wore light clothing while heavy coats, heavy pocket items and shoes were
removed. The measurement was completed twice and the average was used for analysis (a
third measurement was completed when the difference between the first two measurements
was greater than 0.5kg).

BMI was calculated using the height and weight measures (kg/m2). The proportion of
children classified as underweight, normal, overweight, and obese was based on cut-points
by Cole et al. (IOTF grade) (Cole, Bellizzi, Flegal, & Dietz, 2000; Cole & Lobstein, 2012).

3.2.1.3 Child- and family characteristics
Parents of the children involved in this study were asked to complete a questionnaire to
gather information on both their child’s and their own demographics. The questionnaire
could be completed on paper, online, face-to-face interview, or over the phone with a
trained data collector and took approximately 20 minutes to complete. The following
variables from the questionnaire were included in this study as these are considered to be
related to developmental and/or motor delay: child’s sex, date of birth (age), Aboriginal
status, child’s birth weight, prematurity status, childcare service, postcode (IRSD
category), parent’s education, parent’s marital status, parent’s employment and family
income.

3.2.3 Data analysis
The Statistical Package for the Social Sciences version 21 (SPSS) (IBMCorp, 2012) and
Stata version 13 (StataCorp, 2015) were used for analysis. Descriptive analyses were
completed in SPSS. Children with developmental delay or who were at-risk of
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developmental delay were grouped together for analyses since both groups include children
who are not on track developmentally and are therefore eligible for potential gross motor
skill interventions. This new group will be referred to as ‘gross motor delay’. The
associations between the likelihood of being delayed or being at-risk of motor delay and
the child and family characteristics were investigated using survey logistic procedures in
Stata to allow for clustering by childcare services, which was the unit of recruitment. All
selected variables were entered one by one into logistic regression models to check for
independent associations with being at-risk of gross motor delay. Logistic regression
analyses were then adjusted for sex and age since they are known to have an influence on
gross motor skills. Odds ratios (OR) and 95% confidence intervals (CI) were calculated
and the significance level was set at p < 0.05.

3.3 Results
In total, 1525 children were eligible to participate in the Early Start Baseline data collection.
Across the 34 early childhood education and care services consent forms were collected
from 802 (52.6%) children and eventually 702 (87.5%) children were included in this study.
There were slightly more boys (n = 364, 51.9%) than girls and the mean age was 54.0 ± 8.8
months. A little over one third of the children identified as being of Australian Aboriginal
decent (n = 245, 34.9%). Most children had a normal birth weight (n = 172, 84.3%) and
weight status (n = 530, 77.1%).
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Table 3.1 Child and family characteristics and ASQ outcomes: Descriptive data.
Variable
ASQ Score

Units of Analysis
On track developmentally
At-risk of gross motor delay
Delayed
At-risk of delay or delayed
Age
Months
Sex
Girls
Boys
Aboriginal
No Australian Aboriginal decent
Status
Australian Aboriginal decent
Weight Status
Underweight (grade -2 and -1)
Normal weight (grade 0)
Overweight (grade 1 and 2)
Birth weight
Low Birth weight (<2500gr)
Normal Birth weight (2500 - 4200gr)
High Birth weight (>4200gr)
Prematurity
No
Status
Yes
IRSDa Category <927
927 – 965.8
965.8 – 1001.8
>1001.8
Marital Status
Never married, single parent
Separated, divorced or Widowed
Never married/married, live with partner
a
IRSD: The Index of Relative Socio-economic Disadvantage.

N per unit, %
594, 84.6%
60, 8.5%
48, 6.9%
108, 15.4%
338, 48.1%
364, 51.9%
457, 65.1%
245, 34.9%
42, 6.1%
530, 77.1%
115, 16.7%
20, 9.8%
172. 84.3%
12, 5.9%
232, 89.2%
28, 10.8%
61, 21.9%
66, 23.7%
109, 39.2%
42, 15.1%
45, 16.5%
32, 11.8%
195, 71.7%

N
702

Min

Max

Mean

SD

702
702

33.35

71.43

54.02

8.79

702
687

204

260
278

272
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Table 3.1 Child and family characteristics and ASQ outcomes: Descriptive data (continued).
Variable
Education level

Units of Analysis
Primary school, Year 10 or equivalent
Year 12 or equivalent
Trade/apprenticeship/certificate or
Diploma
University Degree or Post-Graduate
qualification
Income
$AUS 0-49,999
$AUS 50,000-74,999
$AUS 75,000 or more
Employment
Employed
Not employed
a
IRSD: The Index of Relative Socio-economic Disadvantage.

N per unit, %
67, 24.5%
51, 18.7%
77, 28.2%
78, 28.6%

N
273

84, 33.1%
48, 18.9%
122, 48.0%
167, 65.0%
90, 35.0%

254

Min

Max

Mean

SD

257
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All children completed the gross motor skill subtest of the ASQ. Results showed that 6.9%
were delayed and 8.5% were at-risk of gross motor delay, meaning 15.4% of the children
were not on track developmentally. Within the group who were delayed or at-risk of delay,
61.1% were boys and 45.4% were identified as being of Australian Aboriginal decent.

The sample of respondent parents represented ~39% to the total with most data missing
from families living in the most remote areas. Around one third of parents had an income
that was below the national average (<$49,999, 33.1%), one fourth had a highest education
level of Grade 10 or equivalent (24.5%) and 35% of the parents reported as being
unemployed. Descriptive outcomes can be found in Table 3.1.

Child and parental characteristics associated with the likelihood of being delayed or at-risk
of gross motor delay can be found in Table 3.2. Logistic regression revealed associations
with being delayed or at-risk of gross motor delay for sex, Aboriginal status, weight status,
family income and employment status after adjusting for age and/or sex. Boys were 55%
more likely to be delayed or at-risk of motor delay compared to girls (OR 1.55,
95% CI 1.07 – 2.24) and Aboriginal children were twice more likely to be delayed or atrisk of delay compared to their non-Aboriginal peers (OR 1.90, 95% CI 1.21 – 3.09).
Children who were underweight were more likely to be delayed or at-risk of motor delay
(OR 2.22, 95% CI 1.13 – 4.36) than those who had a normal weight or were overweight. A
higher total family income was associated with a smaller risk of motor delay (OR 0.31,
95% CI 0.13 – 0.77) and parents’ unemployment status increased a child’s risk of motor
delay (OR 1.92, 95% CI 1.00 – 3.68).
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Table 3.2 Child and family characteristics associated with the likelihood of being delayed or at-risk of gross motor delay.
Variable
Sex
Aboriginal
Status
Weight Status

Birthweight

Prematurity
Status
IRSD
Category

Marital Status

Education
level

Girls (reference)
Boys
No Australian Aboriginal decent (reference)
Australian Aboriginal decent
Normal weight (reference)
Underweight
Overweight
Normal Birthweight (reference)
Low Birthweight
High Birthweight
No (reference)
Yes
<927 (reference)
927 – 965.8
965.8 – 1001.8
>1001.8
Never married, single parent (reference)
Separated, divorced or Widowed
Never married/married, live with partner
Primary school, Year 10 or equivalent
(reference)
Year 12 or equivalent
Trade/apprenticeship/certificate or Diploma
University Degree or Post-Graduate qualification

Unadjusted
OR (95% CI)

p-Value

Adjusted
OR (95% CI)

p-Value

1.513 (1.029 – 2.226)

0.036*

1.551 (1.074 – 2.240) a

0.021*

1.901 (1.183 – 3.055)

0.010*

1.936 (1.213 – 3.090) b

0.007*

2.064 (1.027 – 4.147)
1.663 (0.907 – 3.049)

0.042*
0.097

2.216 (1.126 – 4.363) b
1.608 (0.869 – 2.975) b

0.023*
0.125

1.563 (0.521 – 4.690)
2.930 (0.631 – 13.192)

0.411
0.154

1.786 (0.607 – 5.259) b
2.640 (0.567 – 12.288) b

0.279
0.206

1.045 (0.270 – 4.047)

0.947

1.171 (0.289 – 4.49) b

0.819

0.755 (0.194 – 2.929)
1.027 (0.312 – 3.379)
0.556 (0.139 – 2.228)

0.674
0.963
0.393

0.887 (0.232 – 3.394) b
1.109 (0.316 – 3.894) b
0.513 (0.127 – 2.074) b

0.855
0.867
0.336

0.424 (0.128 – 1.400)
0.471 (0.204 – 1.088)

0.152
0.076

0.462 (0.140 – 1.525) b
0.469 (0.195 – 1.127) b

0.196
0.088

1.680 (0.625 – 4.512)
0.827 (0.274 – 2.492)
0.562 (0.237 – 1.328)

0.291
0.726
0.180

1.716 (0.639 – 4.609) b
0.878 (0.290 – 2.662) b
0.609 (0.251 – 1.479) b

0.272
0.812
0.261

a

Adjusted by age
Adjusted by age and sex
* p < 0.05
b
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Table 3.2 Child and family characteristics associated with the likelihood of being delayed or at-risk of gross motor delay (continued).
Variable
Total Family
Income
Employment

$ 0-49,999 (reference)
$ 50,000-74,999
$ 75,000 or more
Employed (reference)
Not employed

Unadjusted
OR (95% CI)

p-Value

Adjusted
OR (95% CI)

0.316 (0.098 – 1.016)
0.309 (0.129 – 0.743)

0.053
0.011*

0.318 (0.098 – 1.028) b 0.055
0.312 (0.127 – 0.769) b 0.013*

1.916 (0.955 – 3.843)

0.066

1.918 (0.999 – 3.684) b 0.050*

p-Value

a

Adjusted by age
Adjusted by age and sex
* p < 0.05
b
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3.4 Discussion
The aim of this study was to screen for gross motor delay in socially disadvantaged and
low-income communities in Australia. The screening revealed that approximately 15% of
the children assessed were not on track developmentally for gross motor skills. This means
the children did not have the capacity to meet the developmental milestones expected at
their age (NHMRC, 2002). Results can be compared to studies reporting a percentage of
young children who were classified as delayed and at-risk of delay. Two studies in China
and Ghana were conducted in similar settings, being low-income communities, and also
used the ASQ to screen for gross motor delay. These studies reported 15% of the children
aged three to five months (Bello et al., 2013) and 11% of the children aged 24-35 months
(Wei et al., 2015) were not on track developmentally. In Brazil, the Alberta Infant Motor
Scale was used to assesses motor development in children aged 13 to 18 months (Saccani
et al., 2013). They reported 18% of the children were not on track developmentally.
Literature shows that the prevalence of gross motor delay decreases with age (Saccani et
al., 2013; Wei et al., 2015), implying the results found in this study are higher than expected
compared to the other studies. These studies report comparable results to the presented
findings, but the children in these studies were either younger compared to the current
participants (e.g. three to five months) or a lower percentage was not on track
developmentally (15.4% vs 11%).

Some studies only reported the percentage of children who were delayed in gross motor
skills and did not report the percentage of children who were at-risk of delay. Prevalence
rates in these studies varied between 3% and 5% and the age range of the screened children
was between four and 60 months (Ghazavi et al., 2015; Sajedi et al., 2014; Troude et al.,
2011; Valla et al., 2015; Yaghini et al., 2015). All of these studies used the ASQ, either 2nd
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or 3rd edition, to assess gross motor delay. The presented results show that 7% of the
children were below the cut-off line and therefore delayed in their gross motor skills. This
number is higher compared to other studies. A possible explanation might be the sample in
which this study was conducted since none of the other studies that only reported the
percentage of children who were delayed in gross motor skills have specifically looked at
low-income communities.

In this study boys were more delayed compared to girls (Table 3.2). Even though in the
general population boys are more likely than girls to experience developmental delays in
one or more areas (e.g. language, cognition, social, fine, or gross motor skills) (Guthridge
et al., 2016; Nishimura, Takei, Tsuchiya, Asano, & Mori, 2016; To et al., 2004), no sex
differences have been reported before in the area of gross motor delay (Sajedi et al., 2014;
Valla et al., 2015; Wei et al., 2015; Yaghini et al., 2015). A potential explanation could be
the presence of sex differences in gross motor skill development in preschool-aged
children. Literature shows boys tend to outperform girls in object control skills (Barnett,
Lai, et al., 2016; Goodway et al., 2010). With the ASQ it is not feasible to examine
differences between gross motor skill categories, e.g. object control skills and locomotor
skills. However, when examining the six questions that make up the gross motor skills
subtest of the ASQ, two questions focus on object control skills, two questions focus on
locomotor skills and two questions focus on balance skills. This could potentially mean
girls that have an advantage in four of the six questions compared to boys.

This study included a high proportion of Australian Aboriginal children (~35%) compared
to the nationwide average (approximately 3% of total Australian population) (AIHW,
2015). Literature on Australian Aboriginal children shows that over half of these children
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are considered to have developmental vulnerabilities limiting their school readiness at age
five (Silburn, McKenzie, & Moss, 2010). Our results show the Aboriginal children in this
study are almost twice as likely to not be on track with their gross motor skills. These
findings provide another example of how young Aboriginal children have been left behind
and are experiencing developmental delay in their own country. Aboriginal people have
been unfairly stereotyped as naturally sporty but these data would suggest this is not the
case, especially among young Aboriginal children living in disadvantaged communities.
Results can be explained by studies showing they have a higher prevalence of factors that
are predictors of poor developmental outcomes (Fitzpatrick et al., 2015; Lucas et al.,
2014)such as low birth weight (Guthridge et al., 2016) and a lower socio-economic status
(ABS, 2014; ACOSS, 2014; Wake et al., 2008) compared to the general population. Other
explanations such as cultural differences regarding diet, rearing practices and perceptions
of development need further investigation in relation to motor development.

Current findings indicate that children who were underweight have a higher risk of gross
motor delay compared to children who have a normal weight status or are overweight.
Limited research has been done in this area and only a few studies have investigated weight
status in relation to developmental delay. These studies indicate that children who are
underweight have a higher chance of developmental delay due to an inadequate nutritional
intake (Abubakar, Holding, Van de Vijver, Newton, & Van Baar, 2010; Halpern, Giugliani,
Victora, Barros, & Horta, 2000). Reasons for this might include financial restrictions for
healthy food or availability of food in remote areas. However, further research is needed to
explain these results. Research in gross motor skill development has identified a higher
weight status is negatively associated with skill development; however, measuring gross
motor skill development is different from screening for gross motor delay.
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Family characteristics that have an influence on gross motor delay in preschool-aged
children include parental income and employment. This is in line with literature supporting
the associations between gross motor delay and being from a low socio-economic
background (Saccani et al., 2013; Wei et al., 2015) as well as literature on developmental
delays (Najman, Bor, Morrison, Andersen, & Williams, 1992; To et al., 2004). Childhood
poverty can limit the amount of available resources (e.g. toys) and opportunities for
children to develop gross motor skills (Shonkoff & Phillips, 2000). Additionally, it can
cause stress within the household which has a negative influence on a child’s development
and might decrease the amount of meaningful and functional learning experiences that
occur during parent-child interactions (Shonkoff & Phillips, 2000).

3.4.1 Strengths and limitations
The strengths of this study include the unique sample of preschool-aged children from
socially disadvantaged and low-income communities across the state of New South Wales
and the Australian Capital Territory. The high proportion of Indigenous children included
in the study is unique. It is one of few studies to investigate the prevalence of motor delay
and the associated risk factors in low-income populations. Additionally, the ASQ was
administered by trained data collectors rather than parents which has contributed to a more
reliable and valid outcome on motor delay. The limitations of this study include the crosssectional design, and a low proportion of parents completing the questionnaire. Families
with the lowest socio-economic background and/or those living in the most remote areas
had lower response rates meaning results regarding associations should be viewed with
caution.
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3.5 Conclusions
This study was unique in reporting prevalence rates for gross motor delay among young
children and family risk factors associated with gross motor delay in socially
disadvantaged, low-income and remote communities. Results show that screening is
important in this population and can therefore guide policy on where to invest in early
screening and potential interventions that prevent developmental delays in young children.
This study shows children in low-income communities, especially boys, Aboriginal
children and underweight children, have a higher risk of gross motor delay. We recommend
implementing early screening programs for gross motor delay in socially disadvantaged
and low-income communities. Communities with a high proportion of Aboriginal families
could benefit greatly from early screening as this is a developmental outcome that Australia
is committed to in closing the gap between indigenous and non-indigenous children.
Clearly there is still much progress to be made in this area. Early identification will enable
the possibility for effective interventions that can prevent children from being behind on
their peers when entering primary school and could prevent the development of disabilities.
This will in turn improve children’s and their family’s health and well-being and promotes
positive development. Providing adequate resources to support the development of gross
motor skills among Aboriginal children should however be guided by the community and
culturally appropriate.
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Chapter 4
Gross motor skill interventions

Gross motor skills are important in the early years of life. Research, however, has shown
that levels of gross motor skill competence have decreased over the past few decades and
more children are delayed or at-risk of gross motor delay (Chapter 3) (Bardid et al., 2016;
Hardy, King, Farrell, et al., 2010; Hardy et al., 2012). Given the number of unfavorable
health and developmental outcomes associated with poor motor skill competency in
children, the development of effective interventions to improve gross motor skills is a
priority. This chapter reviews the literature on gross motor skill interventions in young
children by discussing two systematic reviews that have been published in this area.

4.1 Interventions promoting gross motor skills in children aged under five years
A systematic review conducted by Riethmuller at al. (2009) examined the efficacy of gross
motor skill interventions in children under the age of five years (Riethmuller et al., 2009).
Inclusion criteria for studies were an objective measure of gross motor skill development
and an intervention which targeted children with a mean age of five years or below. Articles
were excluded if they were articles published in another language than English, published
before January 1987, if children targeted in the intervention had a specific disease or health
problem, if the full text article was not available, or when the intervention had less than 10
participants, lasted for less than four weeks, did not have a control group, or only reported
qualitative data.

Seventeen articles were included in the systematic review (Riethmuller et al., 2009). Most
studies were controlled trials (n = 6) or randomized controlled trials (n = 5), and
interventions were mostly delivered at early childhood education and care or school
settings. The sample sizes ranged from 24 to 545 participants although only one study had
more than 100 participants. Intervention delivery differed in both duration and frequency.
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Most interventions were delivered two-to-three times per week with an average duration of
11 weeks. In total, 14 studies reported improvements in gross motor skills following the
intervention of which ten studies reported significant improvements.

This review highlighted the limited quantity and quality of gross motor skill intervention
studies conducted in children below the age of five years. Recommendations for future
research to improve gross motor skills among young children included the following:
1) gross motor skill interventions should be implemented in collaboration with early
childhood education and care educators and facilitation of the intervention components
should be shared; 2) the experience, competence, and confidence of program facilitators
has an influence on the participation of the children and therefore facilitators should be
chosen with care. Additionally, children should feel comfortable within the intervention
environment and therefore the program setting should also be considered carefully;
3) interventions should involve parents to complement and support the translation of
knowledge and skills from the intervention setting to the home environment; 4) motor skill
interventions should be supported by a theoretical framework; 5) sample size calculations
should be conducted to make sure the appropriate statistical analyses can be conducted.
Additionally, whole setting centers (e.g. preschools) should be recruited to maximize the
sample size and in this case clustered randomized controlled trials are recommended; and
6) interventions should follow the CONSORT or TREND statement to ensure
methodological quality and transparent reporting. Interventions should also increase in both
duration and follow-up period, ensure randomization procedures, use blinded assessors and
use validated gross motor skill measures.
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A more recent meta-analysis examined the effectiveness of motor skill interventions in
children aged three to 10 years (Logan, Robinson, et al., 2011). Studies were included if a
gross motor skill intervention was implemented and reported both pre- and post-assessment
of gross motor skill competence as well as means and standard deviations of the outcomes.
Eleven studies were included in the review of which eight had a mean age between three
and six years. Interventions lasted between nine and 15 weeks and results indicated that
both object control skills (p < 0.001) and locomotor skills (p < 0.001) were improved from
pre- to post-intervention. There were no significant improvements in the control groups.

The review highlighted the effectiveness of gross motor skill interventions in children to
improve gross motor skills and recommended ‘planned’ gross motor skill programs to be
implemented in early childhood education and care settings as a way of promoting physical
activity. For future research they highlighted the importance of determining the most
effective characteristics of motor skill interventions (e.g. length, duration, frequency and
intervention approach) in order to improve practice and policy.

Both reviews showed gross motor skill interventions are effective and more research is
needed in this area as gross motor skills are important from both a health-related and
developmental perspective. The review conducted by Riethmuller et al. (2009) highlighted
the limited quantity and quality of gross motor skill intervention studies conducted in
children below the age of five years (Riethmuller et al., 2009). As the interest in gross motor
skills in especially young children has grown internationally over the recent years, there is
a need to further review the evidence in this area. The following chapter, Chapter 5, will
present a systematic review conducted as part of this Doctoral research. This review
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provides an update of the evidence on the efficacy of gross motor skill development
interventions in young children (< five years).
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Chapter 5
Efficacy of gross motor skills interventions in young
children: an updated systematic review

This chapter has been published as: Veldman, S.L.C., Jones, R.A. and Okely A.D. (2016).

“Efficacy of gross motor skill interventions in young children: an updated systematic
review.” BMJ Open Sport & Exercise Medicine 2(1): e000067 (Appendix B).

5.1 Introduction
Fundamental or gross motor skills are the foundation for many sports and physical
activities. From a health perspective, higher levels of gross motor skills are associated with
lower BMI (Okely et al., 2004), better cardiorespiratory fitness (Okely et al., 2001) and
physical activity (Logan et al., 2015), as well as enhanced cognitive development (Best,
2010; Piek et al., 2008), social development and language skills (Leonard & Hill, 2014).
Moreover, children with poor gross motor skills are more likely to have lower self-esteem
(Piek, Baynam, & Barrett, 2006; Ulrich, 1987) and higher levels of anxiety (Skinner &
Piek, 2001).

Gross motor skill competence in young children is suboptimal (Hardy et al., 2012; Okely
& Booth, 2004) and given the short- and long-term consequences of poor skills,
interventions targeting the improvement of these skills are needed. In 2009, Riethmuller et
al. (2009) conducted a systematic review, which assessed the efficacy of interventions
designed to increase gross motor skills in young children (< five years) (Riethmuller et al.,
2009). Seventeen articles were included, of which most were controlled trials (65%) and
implemented in early childhood settings (65%). More than half of the studies reported
statistically significant improvements (60%). The review highlighted the limited quantity
and quality of interventions in young children and the lack of high-quality evidence in this
area.

In recent years, several studies have reported on the relationship between gross motor skills
and other important developmental areas adding evidence to the importance of gross motor
skill development. Jenni et al. (2013) (Jenni, Chaouch, Caflisch, & Rousson, 2013) found
positive correlations between motor and intellectual functions, and Leonard et al. (2014)
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(Leonard & Hill, 2014) highlighted the significant relationship with the development of
social skills and language. As this is an area of interest internationally, there is a need for a
further review which updates the evidence in this area and gives directions for further
research to promote gross motor skill development. The aim of the current review was to
provide an update of the evidence on the efficacy of gross motor development interventions
in young children (< five years) and to provide recommendations for further research in
this area.

5.2 Methods
This review followed the guidelines in the Preferred Reporting Items for Systematic
Review and Meta-analysis (PRISMA) statement (Moher, Liberati, Tetziaff, & Altman,
2009).

5.2.1 Eligibility criteria
5.2.1.1 Types of participants
Children between the ages of zero to five years (mean age < five years) enrolled in
kindergarten, childcare centers, preschool or community services, but not yet at school.

5.2.1.2 Types of intervention
Any childcare-, preschool-, home-, or community-based intervention targeting the
development of gross motor skills. Targeted skills could include locomotor and object
control.
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5.2.1.3 Types of outcome measures
Studies were included if they reported statistical analysis of gross motor skill competence
with measurements taken pre- and at least once post-intervention and included either
process (knowledge of performance) or product (knowledge of results) assessments of at
least one skill.

5.2.1.4 Types of studies
Randomized controlled trials (RCTs) with experimental and quasi-experimental designs
and single group pre- and post-test designs. Studies were excluded if they: (1) targeted
groups from special populations (e.g. children with cerebral palsy or autism); (2) no full
text was available; (3) the research was not published in English.

5.2.2 Information sources and search
Six electronic databases were searched: PUBMED, Medline (Ovid), ERIC (Ebsco),
Embase, SCOPUS and Psychinfo with a restriction on the start of the publication date to
2007 and before given the previous systematic review (Riethmuller et al., 2009). The search
was performed in January 2015. The following search terms were used: toddler OR
childcare OR day care OR preschool* OR “early childhood” OR “community-based” AND
random* OR trial OR evaluation OR program OR pilot AND “motor skill*” OR
“movement skill*” OR “motor development”. Additional studies were found through
scanning reference lists of included articles.

60

5.2.3 Study selection
After searching the databases, one of the authors (SV) removed all duplicates and two
authors (RJ/SV) screened all titles and abstracts in a non-blinded standardized way. These
were screened for inclusion, by dividing them into three groups: “yes, no, or maybe”. All
decisions were checked by another author (AO) and a discussion followed when there were
any disagreements. The full text for the remaining articles was retrieved.

5.2.4 Data collection process
After the study selection process, one author (SV) extracted data on methodology,
characteristics of participants, interventions program, gross motor skill measurement and
results from the selected studies. These data were checked by another author (RJ).

5.2.5 Methodological quality
Methodological Quality was assessed by using a 10-item quality assessment scale (see
Table 5.1) adapted from previously used methodological assessments (Altman et al., 2001;
Van Sluijs, McMinn, & Griffin, 2007). Each included article was assessed by two authors
(AO/SV) individually. Any disagreements between the authors were resolved by
discussion. An article was classified as high methodological quality when it scored ≥ 5 for
a controlled trial and ≥ 6 for a randomized controlled trial (Van Sluijs et al., 2007).

5.2.6 Synthesis of results
The following data were extracted from the articles: research design and setting, sample
size and mean age, total duration of the intervention in weeks, intervention groups,
intervention content, measurement of motor skills, and results.
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Table 5.1 Methodological Quality Assessment items (Altman et al., 2001).
Item
A

B
C
D
E
F
G

H
I
J

Description
Key baseline characteristics are presented separately for treatment groups (age, and at least one outcome measure) and
for cluster randomized controlled trials and controlled trials, positive if baseline outcomes were statistically tested
and results of tests were provided.
Randomization procedure clearly and explicitly described and adequately carried out (generation of allocation sequence,
allocation concealment and implementation)
Validated measures of motor development used (validation in same age group reported and/or cited)
Drop out described and <20% for <6-month follow-up or <30% for >6-month follow-up
Blinded outcome assessments (positive when those responsible for assessing motor development at outcome were
blinded to group allocation of individual participants)
Motor development assessed a minimum of six months after pre-test
Intention to treat analysis for motor development outcomes(s) (participants analyzed in group they were originally
allocated to, and participants not excluded from analyses because of non-compliance to treatment or because of some
missing data)
Potential confounders accounted for in motor development analysis (e.g. baseline score, group/cluster, age)
Summary results for each group + treatment effect (difference between groups) + its precision (e.g. 95% confidence
interval)
Power calculation reported, and the study was adequately powered to detect hypothesized relationships
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5.3 Results
5.3.1 Overview of studies
Study selection is displayed in Figure 5.1. The initial search identified 5829 hits. After
removing duplicates (n = 1336) and screening of titles and abstracts (n = 4493), 10 articles
remained. The full-texts of these articles were retrieved and seven articles were included.

5.3.2 Study characteristics
Table 5.2 shows characteristics of the studies. Five studies were published between 2011
and 2014 (Alhassan et al., 2012; Bellows, Davies, Anderson, & Kennedy, 2013; Bonvin et
al., 2013; Jones et al., 2011; Tsapakidou, Stefanidou, & Tsompanaki, 2014). Three studies
were conducted in the United States (Alhassan et al., 2012; Bellows et al., 2013; Robinson
& Goodway, 2009), two studies were conducted in Australia (Hardy, King, Kelly, Farrell,
& Howlett, 2010; Jones et al., 2011) and the others were conducted in Switzerland (Bonvin
et al., 2013) and Greece (Tsapakidou et al., 2014). Some studies recruited centers based on
region (Bonvin et al., 2013; Tsapakidou et al., 2014) or within an existing program
(Alhassan et al., 2012) while others worked together with the (local) government (Hardy,
King, Kelly, et al., 2010), or childcare organizations (Bellows et al., 2013; Jones et al.,
2011; Robinson & Goodway, 2009). Two studies involved parents (Bellows et al., 2013;
Bonvin et al., 2013). There were six randomized controlled trials (Alhassan et al., 2012;
Bellows et al., 2013; Bonvin et al., 2013; Hardy, King, Kelly, et al., 2010; Jones et al.,
2011; Robinson & Goodway, 2009) and one quasi-experimental study (Tsapakidou et al.,
2014). The sample size of the studies varied from 71 (Alhassan et al., 2012) to 835
participants (Bonvin et al., 2013).
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Records after search strategy (n = 5829)

Duplicates removed (n = 1336)

Records excluded based on title and abstract (n = 4493)

Full text articles retreived (n = 10)

Articles excluded (n=3):

Full text records after searching reference lists (n = 0)

no control group, no
baseline data

Studies included (n=7)

Figure 5.1 PRISMA flowchart of studies through the review process (Moher et al., 2009).
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Table 5.2 Description of study characteristics.
Reference
(author, year,
country)
Alhassan et al.
2012, USA
(Alhassan et
al., 2012)

Design and
setting

Sample

Intervention Intervention
length
groups

Intervention content

Motor skill
Results
measurement

RCT,
preschool
children

N: INT =
43, CON =
28, mean
age = 4.3
years.

6 months

INT: Physical
activity
intervention,
CON:
unstructured
free playtime

TGMD-2

INT>CON
for leaping
skills
(p<0.009)

Bellows et al.
2013, USA
(Bellows et
al., 2013)

RCT, early
childhood
settings

N: INT =
98, CON =
103, mean
age = 4.3
years.

18 weeks

PDMS-2

INT>CON
(p<.001)

Bonvin et al.
2013,
Switzerland
(Bonvin et al.,
2013)

RCT, child
care centers

N = 648,
10 months
(baseline),
N:INT =
187, CON=
202 (follow
up), mean
age = 3.3
years

INT: The Food
Friends: Get
Movin’ With
Mighty Moves
Program
CON: Food
Friends,
a 12-week
nutrition
program.
INT: Physical
activity
intervention,
CON: Regular
care

INT: Teacher-taught
locomotor skill-based
physical activity
program. 30 minutes,
5x/week.
CON: Unstructured free
playtime.
INT: Motor skill
intervention program.
15-20 minutes, 4x/week.
Nutrition program,
12 weeks.
CON: Nutrition program,
12 week.

INT: Physical activity
program designed to
intervene at individual
and environmental level.
No time demands.
CON: no intervention

Zurich
Neuromotor
Assessment
Test

INT=CON
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Table 5.2 Description of study characteristics (continued).
Reference
(author, year,
country)
Hardy et al.
2010,
Australia
(Hardy, King,
Kelly, et al.,
2010)

Design and
setting

Sample

Intervention Intervention
length
groups

RCT,
preschool
children

N:INT =
20 weeks
263, CON
= 167,
mean age =
4.4 years

INT: Munch
and Move,
CON: Regular
care

Jones et al.
2011,
Australia
(Jones et al.,
2011)

RCT, early
childhood
settings

N: INT =
52, CON =
45, mean
age = 4.1
years.

20 weeks

Robinson and
Goodway
2009, USA
(Robinson &
Goodway,
2009)

RCT,
preschool
children

N: INT
(LA) = 38,
INT
(MMC) =
39, CON =
40, mean
age = 3.8
years

9 weeks

INT:
Movement skill
development
physical
activity
program.
CON: Usual
care
INT: Lowautonomy (LA)
or mastery
motivational
(MM)
instructional
climate
CON:
Comparison
group

Intervention content

Motor skill
Results
measurement

INT: Resource containing TGMD-2
games and learning
experiences related to
healthy eating and gross
motor skill activities. No
time demands.
CON: no intervention
INT: Structured lessons
TGMD-2
and unstructured
activities for children. 20
minutes, 3x/week.
CON: no intervention

INT >CON
(p<0.001)

INT: Motor skill
intervention program.
30min, 2x/week.
LA: Students following
guidance and directions
from instructor.
MM: Students navigated
independently through
activity stations.
CON: Typical Head Start
curriculum.

INT>CON
(p=.001)

TGMD-2

INT>CON
(p=.00)
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Table 5.2 Description of study characteristics (continued).
Reference
(author, year,
country)
Tsapakidou et
al. 2014,
Greece
(Tsapakidou
et al., 2014)

Design and
setting

Sample

Intervention Intervention
length
groups

Intervention content

Quasiexperiment,
nursery
school

N: INT =
49, CON =
49, ages
3.5-5 years
(no mean
age
reported)

2 months

INT: Motor skill
TGMD-2
intervention program, 3040min, 2x/week.
CON: no intervention

INT: Motor
skill
development
program
CON: Daily
routine

Motor skill
Results
measurement
INT>CON
(p=<0.005)

67

5.3.3 Implementation
All interventions took place in early childhood education and care settings and most were
delivered by setting staff (Alhassan et al., 2012; Bellows et al., 2013; Bonvin et al., 2013;
Hardy, King, Kelly, et al., 2010; Jones et al., 2011). Professional development sessions
were offered prior to the interventions (one to five sessions). One study used the researcher
and a doctoral student to deliver the program (Robinson & Goodway, 2009). The length of
the interventions varied from two to ten months and frequency ranged from two to five
sessions per week. The session duration varied from 15 to 40 minutes, with two studies not
reporting a specified duration (Bonvin et al., 2013; Hardy, King, Kelly, et al., 2010). Six
interventions consisted of a structured program and included: implementing only one gross
motor skill per session (Alhassan et al., 2012); focusing on a different gross motor skill
each week (Bellows et al., 2013); providing a circuit in which children chose their own task
and difficulty (Robinson & Goodway, 2009); or a structured program in combination with
either supervised free play or unstructured activities (Jones et al., 2011). Two studies
involved parents in the intervention (Bellows et al., 2013; Bonvin et al., 2013).

5.3.4 Efficacy
The Test of Gross Motor Development 2 (TGMD-2) was the most common measure
(Alhassan et al., 2012; Hardy, King, Kelly, et al., 2010; Jones et al., 2011; Robinson &
Goodway, 2009; Tsapakidou et al., 2014). Six studies reported a statistically significant
effect of the intervention (Alhassan et al., 2012; Bellows et al., 2013; Hardy, King, Kelly,
et al., 2010; Jones et al., 2011; Robinson & Goodway, 2009; Tsapakidou et al., 2014). Three
studies reported a significant effect on the total scores of motor skills (Bellows et al., 2013;
Jones et al., 2011; Tsapakidou et al., 2014) and three studies reported significant effects on
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either locomotor skills, object control skills or on individual skills (Alhassan et al., 2012;
Hardy, King, Kelly, et al., 2010; Robinson & Goodway, 2009).

5.3.5 Methodological quality
Table 5.3 displays the methodological quality assessment outcomes. Agreement was on
85% of the 60 items. Four studies had high methodological quality (Alhassan et al., 2012;
Bonvin et al., 2013; Hardy, King, Kelly, et al., 2010; Jones et al., 2011).
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Table 5.3 Methodological quality assessment.
Methodological
Quality Item

Key baseline
characteristics
reported
separately for
each group
Randomization
procedure
clearly
described
Valid measure of
FMS
Dropout <20% for
<6-months
follow-up or <30% for >6months followup
Assessor blinding
Motor
development
assessed a min
of 6 months
after pre-test

Alhassan et al.
2012
(Alhassan et
al., 2012)

Bellows
et al. 2013
(Bellows et
al., 2013)

Bonvin
et al. 2013
(Bonvin et
al., 2013)

Hardy
et al. 2010
(Hardy,
King, Kelly,
et al., 2010)

Jones
et al. 2011
(Jones et
al., 2011)

Robinson and
Goodway 2009
(Robinson &
Goodway, 2009)

Tsapakidou et al.
2014
(Tsapakidou et
al., 2014)

+

-

+

-

-

-

-

-

-

+

-

+

-

-

+

+

+

+

+

+

+

+

-

+

+

+

+

+

-

-

+

+

+

-

-

+

-

+

+

-

-

-
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Table 5.3 Methodological quality assessment (continued).
Methodological
Quality Item

Alhassan et al.
2012
(Alhassan et
al., 2012)

Bellows
et al. 2013
(Bellows et
al., 2013)

Bonvin
et al. 2013
(Bonvin et
al., 2013)

Hardy
et al. 2010
(Hardy,
King, Kelly,
et al., 2010)

Jones
et al. 2011
(Jones et
al., 2011)

Robinson and
Goodway 2009
(Robinson &
Goodway, 2009)

Tsapakidou et al.
2014
(Tsapakidou et
al., 2014)

Intention-to-treat
analysis
Potential
confounders
accounted for in
analysis
Summary results
presented +
treatment effect
+ precision
estimates
Power calculation
reported
Total Score

-

-

+

+

+

-

+

+

+

+

+

+

-

-

+

-

+

+

+

-

-

-

-

+

+

-

-

-

6

2

10

8

7

2

3
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5.4 Discussion
This review examined literature published between June 2007 and January 2015 on
interventions to improve gross motor skills in young children (< five years). Seven studies
were included and 86% found evidence that interventions are successful. Since developing
gross motor skills has been recommended as part of national physical activity guidelines
for this age group in three countries (which have all been released since the original review)
(Canadan Society for Exercise Physiology and Participation, 2012; Department of Health,
2014; Department of Health Social Services and Public Safety, 2011), it is interesting that
only seven interventions have been reported in the last eight years. Reasons for a limited
implementation of programs to develop gross motor skills could be: a lack of funding or
interest in this area, the complexity of implementing programs in childcare settings, or a
lack of competence and confidence in setting staff.

5.4.1 Implementation
All studies were implemented in early childhood education and care settings. This setting
is popular for group RCTs because it is relatively easy to randomize at a whole center level,
and programs can be incorporated into regular routines. Furthermore, it maximizes the
number of staff involved and the responsibility of implementation can be shared. Compared
to the previous review, the number of RCTs has increased from 29% to 86%, which is
positive given that RCTs are the ‘gold standard’ in research design.

Setting staff delivered the intervention in six studies and training was offered to increase
their competence and confidence in delivering the program and to enhance professional
development (Alhassan et al., 2012; Bellows et al., 2013; Bonvin et al., 2013; Hardy, King,
Kelly, et al., 2010; Jones et al., 2011; Tsapakidou et al., 2014). This training varied from a
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1-day workshop (Alhassan et al., 2012; Hardy, King, Kelly, et al., 2010) to several separate
workshops spread over different days (Bonvin et al., 2013; Jones et al., 2011). Professional
development of staff is important to enhance their self-efficacy in delivering a program and
to provide them with up-to-date information on the importance of gross motor skills and
how to teach them. Especially in young children it is important to enhance their motivation
and involvement through people that have experience, are competent and confident. Other
advantages of setting staff delivering the intervention have been mentioned in the previous
systematic review (Riethmuller et al., 2009) and include maximizing the potential
sustainability of the program and minimizing costs associated with implementation.

As recommended by Riethmuller et al. (2009) parents should play an important role in
developing gross motor skills through role modelling and providing opportunities,
encouragement and support (Riethmuller et al., 2009). However, only two studies involved
parents. This was done through home connection materials such as educational handouts
and a music CD (Bellows et al., 2013) or parent information sessions to inform them on
the benefits of physical activity and how to integrate this within their family environment
(Bonvin et al., 2013). It is recommended to actively involve parents in center-based gross
motor skill development programs and encourage them to practice skills in the home
environment (Riethmuller et al., 2009) to reinforce the learning that has occurred at the
center and strengthen the relationship between the center- and home setting. Informing and
guiding parents in how to practice gross motor skills, the duration of practice and how to
motivate their children can be done in several ways such as through information sessions,
by handing out home materials or via email and the use of social media.
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While only seven studies were identified, the sample sizes, duration and program content
varied widely. Most studies included in this review recruited whole childcare centers,
which helps to maximize sample size. The duration of the programs varied between two
and 10 months. Four programs lasted ≥ 20 weeks (Bellows et al., 2013; Hardy, King, Kelly,
et al., 2010; Jones et al., 2011; Robinson & Goodway, 2009), an increase compared with
the average of 12 weeks in the previous review. Intervention sessions were delivered
between two and five times a week and the average duration of the intervention sessions
was around 20 minutes. On average this gives a greater intervention “dose” compared to
the studies in the previous review where there was approximately one hour of instruction
per week. Based on this current evidence it seems that a higher intervention “dose” with at
least two sessions a week may contribute to the effectiveness of interventions.

5.4.2 Efficacy
Six studies found significant intervention effects (Alhassan et al., 2012; Bellows et al.,
2013; Hardy, King, Kelly, et al., 2010; Jones et al., 2011; Robinson & Goodway, 2009;
Tsapakidou et al., 2014). Even though Bonvin et al. (2013) had high methodological
quality, they did not collect any data on the exact amount of daily physical activity time or
the use of any specific curriculum, which means the intensity might have been inadequate
and there was no control on what activities were done (Bonvin et al., 2013).

Not all studies clearly described their intervention program which makes it difficult to
compare intervention components. Therefore, no key components could be identified that
would contribute to a successful intervention.
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5.4.3 Methodological quality
Four included articles had high methodological quality. Compared to the review of
Riethmuller et al. (2009), the percentage has increased from <20% to 57%, and the high
number of RCTs might have contributed to this. Power calculations have been
recommended to ensure that appropriate statistical analyses could be performed (Moher et
al., 2009). However, only two studies conducted a power calculation (Bonvin et al., 2013;
Hardy, King, Kelly, et al., 2010). A reason why two other included studies did not perform
power calculations could be because they were pilot studies and therefore not adequately
powered to detect statistical significances (Alhassan et al., 2012; Jones et al., 2011). For
future studies however, it is important to conduct power calculations in order to
appropriately test the effectiveness of these gross motor skill development programs in
young children.

5.4.4 Strengths and limitations
This review has a number of strengths. These include searching multiple databases,
extraction of extensive study details from the articles, methodological quality assessments
with high agreement levels and alignment with the PRISMA statement (Moher et al., 2009).
Limitations include the following: the effectiveness of interventions could not be compared
because of different instruments that were used to assess gross motor skills, only a small
number of updated studies were found, and studies had to be published in English.

5.4.5 Recommendations
Development of gross motor skills in young children is important. When given the
opportunity and encouragement to learn and practice gross motor skills, children are able
to master these skills before the end of childhood (Gallahue & Donnelly, 2003). The
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recommendations made in the previous review are still important (Riethmuller et al., 2009):
utilizing a partnership approach in which researchers and childcare staff work together to
share responsibilities, minimize the burden and support each other; program facilitators
should be chosen carefully because their competence, confidence and enthusiasm
influences children’s participation; parents should be involved; conducting sample size
calculations to ensure appropriate statistical analysis; and improving the methodological
quality of interventions (alignment with the CONSORT or TREND statement).

Additionally, the following recommendations can be made:
1. More high-quality gross motor skill interventions are needed based on the current
evidence of relationships between gross motor skill development and other
developmental areas and extra funding should be provided to support the
development of these interventions.
2. Intervention components should be clearly described in order to compare the
different intervention programs and determine which components contributed to the
effectiveness of the intervention. For future research, this is important in order to
implement the most optimal intervention program.
3. Based on the current evidence it seems that a higher intervention “dose” with at
least two sessions a week may contribute to the effectiveness of interventions.
4. Consistency in gross motor skill assessment is important to compare results
between interventions and conduct meta-analysis.
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5.5 Conclusions
This review highlights the limited studies evaluated to improve gross motor skills in young
children over the last eight years. This is surprising since the importance of gross motor
skill development in young children has been proven and given the recommendations made
in the previous review.

Programs designed to increase the development of gross motor skills have been promising
although further research regarding efficacy and the optimal dose of implementation is
required. As stated in the previous review, parents play an important role in developing
gross motor skills in their children. Up to now, few studies have focused on involving both
parents and children to increase the development of gross motor skills and therefore, this
should be a focus for further research. Also, professional development of the educators in
this area should be an important component in future interventions to increase the quality
of their practice in early childhood settings.
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Chapter 6
Research gap 1

This chapter describes the current gap in the evidence-based literature on gross motor skills
in young children (< five years). This gap was identified following the previous chapters
in this thesis. Within this research gap, an additional area of gross motor skill research with
limited evidence can be identified: that is, research on gross motor skills in children under
the age of three years. This ‘second’ gap in the literature will be discussed in Chapter 8.

6.1 Interventions in the early years
The limited quantity and quality of intervention studies to examine the effects of gross
motor skill programs on gross motor skill development in the early years of life
(< five years of age) has been highlighted by three systematic reviews over the past eight
years (Logan, Robinson, et al., 2011; Riethmuller et al., 2009; Veldman et al., 2016).
Recommendations from these systematic reviews included the implementation of more
evidence-based gross motor skill interventions as well as structured physical activity
sessions. However, as highlighted in Chapter 5, there is still a need for more studies to
optimize gross motor skill interventions in this age group (Veldman et al., 2016). Studies
should examine what intervention components are important for efficacy and how to design
feasible, acceptable and most importantly, sustainable interventions.

Current gross motor skill interventions in typically developing children mostly target a
certain age group or setting based on known correlates but it is less common to address sex
differences present in gross motor skill competence. The literature on gross motor skills
shows levels of competence vary by sex as boys tend to outperform girls in object control
skills (Barnett et al., 2010; Barnett, Lai, et al., 2016; Goodway et al., 2010; Hardy, King,
Farrell, et al., 2010; Hardy et al., 2012; Hume et al., 2009; Iivonen & Sääkslahti, 2013;
Okely & Booth, 2004; Spessato et al., 2012; Yang et al., 2015). The literature also shows
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object control skills might be an important predictor of physical activity later in life,
meaning that improving these skills at a young age could be important to promote higher
levels of physical activity throughout life (Barnett, Beurden van, et al., 2008; Barnett et al.,
2009). This specific gap in the literature is addressed by a study involving secondary data
analysis of the CHAMP study. This study is presented in Chapter 7 and reports on the
results of an intervention study to improve object control skills in preschool-aged girls.

The following research questions were addressed by this third study:

Research Question 1

What is the immediate effect of a nine-week object control
skill intervention on object control skills in preschool-aged
girls?

Research Question 2

What is the retention effect of a nine-week object control
skill intervention on object control skills in preschool-aged
girls after nine weeks?

80

Chapter 7
Promoting object control skills in preschool-aged girls

This chapter has been published as: Veldman, S.L.C., Palmer, K.K., Okely A.D. &

Robinson L.E. (2016). “Promoting ball skills in preschool-aged girls.” Journal of Science
and Medicine in Sport 20(1):50-54 (Appendix C).

7.1 Introduction
Gross motor skills involve using the large muscles in the body and develop across
childhood (Payne & Isaacs, 2011). Gross motor skills serve as the foundational building
blocks for future and advanced motor behaviors (Gallahue & Donnelly, 2003). Often gross
motor skills are divided into two categories: (1) locomotor skills, that propel the body
through space (e.g. run, jump, and skip) and (2) object control skills (also known as
manipulative or ball skills), that propel an object through space (e.g. throw, kick, and
strike). Gross motor skills do not solely develop through maturation (Goodway & Branta,
2003; Robinson & Goodway, 2009). The literature supports that gross motor skills are not
innate but rather must be “taught, practiced, and reinforced” through developmentally
appropriate motor opportunities (Robinson & Goodway, 2009). This view aligns with the
extant literature where gross motor skill interventions have been successful at promoting
skill development across the childhood years (Riethmuller et al., 2009; Robinson, Webster,
Logan, Lucas, & Barber, 2011; Veldman et al., 2016).

Recent reviews support the critical role of gross motor skills in promoting and maintaining
healthy developmental trajectories (Logan et al., 2015; Robinson et al., 2015). Robinson et
al. (2015) found that gross motor skill competence is positively related to physical activity
engagement, physical fitness, and perceived motor competence while being inversely
related to weight status (Robinson et al., 2015). Logan et al. (2015) concluded that
increased motor skill competence during childhood is related to physical activity (Logan et
al., 2015). Additionally, several empirical studies provide evidence that gross motor skills
are important for cognitive, social, and language development (Leonard & Hill, 2014;
Niederer et al., 2011). A recent systematic review on the relationship between cognition
and motor skills in typically developing children supports that weak to strong relationships
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may exist between motor skills and underlying components of higher order cognition (van
der Fels et al., 2015). This relationship appears to be strongest in pre-pubescent children
(van der Fels et al., 2015). These findings support that gross motor skill competency has a
cascading effect on a child’s health and development.

With the importance of motor skills, deficiencies in gross motor skills could have
widespread consequences such as poorer cognitive performance, language and social skills,
and limited opportunities to participate in sports or other types of physical activity.
Currently, children and especially preschoolers demonstrate low levels of motor skill
competency (Hardy, King, Farrell, et al., 2010; Robinson et al., 2011). The literature also
shows that sex differences exist in motor skill competence where girls experience
deficiencies in object control skills compared to their male counterparts. Historically, these
sex differences in throwing performance can be seen in the Michigan State University
Motor Performance Study (Seefeldt & Haubenstricker, 1982). At age 63 months, 60% of
the boys had reached a mature one-handed overarm throwing pattern, while in girls this
percentage was not reached until 102 months of age. These trends continue in the present
literature with boys outperforming girls in preschool (Goodway et al., 2010; Spessato et
al., 2012; Vameghi, Shams, & Dehkordi, 2013), elementary school (Hardy et al., 2012),
and high school (Barnett et al., 2010). Barnett et al. (2010) also found that boys were
significantly more competent than girls in object control skills (i.e., kicking, catching, and
throwing) during the childhood and adolescence years in Australian children (Barnett et al.,
2010).

It is clear that sex differences are present in object control skills. Barnett et al. (2008) found
that the development of object control skills during childhood appears to be an important
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predictor of physical activity during adolescence (Barnett, Beurden van, et al., 2008;
Barnett et al., 2009). This study examined gross motor skills and physical activity
longitudinally across seven years in 276 children. Results indicated that time spent in
MVPA and organized physical activity during adolescence years (mean age = 16.4 years)
was positively associated with childhood object control competence at age 10 (Barnett et
al., 2009). Spessato et al. (2012) also noted gross motor skill sex differences in over 1200
Brazilian children (Spessato et al., 2012). Specifically, boys exhibited superior object
control and locomotor skills compared to girls which support the need for interventions and
developmentally appropriate gross motor skill programs that target girls.

As object control skill competence during childhood may be an important predictor of
physical activity during adolescence, intervening at a young age to improve object control
skills might therefore be critical in preventing the decline in MVPA and organized physical
activity during adolescence. Robinson and Goodway (2009) examined the effect of a nineweek motor skill intervention on object control skills in Head Start preschoolers (n = 117),
who often demonstrate developmental delays in gross motor skills (Robinson & Goodway,
2009). They found significant improvements in object control skills in the intervention
group over time, while there were no differences observed in the control group. Authors
also found that these improvements remained significant at a retention test nine weeks after
the cessation of the original intervention. Sex differences were not reported so the effects
of an object control skill intervention in girls is not understood. As girls tend to have poorer
object control skills, there is a need to target interventions to improve these skills in girls.
The purpose of this study was to examine the immediate effects of an object control skill
intervention in preschool girls and to assess the retention of these skills over a nine-week
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period. We hypothesized that the intervention will be effective in promoting object control
skills in girls and that these positive changes will be maintained over time.

7.2 Methods
All aspects of this study took place in an accredited Head Start center located in a large city
in the United States. Head Start programs are funded through the United States government
to provide comprehensive early childhood education, health, nutrition, and services to lowincome children and families. The goal of Head Start is to promote healthy development in
United States children ages three to five years from families whose income is at or below
the national poverty level (i.e., a family of four’s annual income < $23,550 USD).

Prior to the start of the study, Institutional Review Board approved all procedures and both
parental consent and child assent were obtained. After obtaining permission, girls were
randomly assigned to one of the groups (CHAMP or control). Girls in the control condition
made no changes to their daily routines; girls in the CHAMP condition replaced two of
their outdoor free play sessions with CHAMP two days each week. The intervention lasted
for a total of nine weeks (18 lesson, 540 minutes of skill intervention). Object control skill
competence of all participants was assessed three times: prior to the start of the intervention
(pre), immediately following the cessation of the intervention (post), and nine weeks after
the cessation of the intervention (retention). Changes in motor skill competence from the
pre- to post-test represent immediate effects; changes in motor skill competence from preto retention represent maintenance effects.
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7.2.1 Participants
Fifty-four girls (n = 54; mean age = 47.24 ± 7.38 months) served as participants. Race and
ethnicity of the girls were 77.8% African American, 5.6 % Caucasian American, 11.1%
Hispanic, 5.6% other and represents the demographics of individuals living in the proximity
of the center (i.e., 24 – 32 km radius). Girls within the center were randomly assigned to
one of two treatment groups: (1) a motor skill intervention group (CHAMP,
mean age = 45.74 ± 7.72, n = 38) or a (2) control group (mean age = 50.81 ± 5.10, n = 16).

7.2.2 Intervention
Participants were assigned a random number and divided to either the intervention or
control group. Thus, one preschool class included both intervention and control
participants. Participants in the motor skill intervention were exposed to the Children’s
Health Activity Motor Program (CHAMP). CHAMP is a high quality, evidence-based
program that has been shown to improve gross motor skill competence in preschool aged
children (Robinson & Goodway, 2009; Robinson et al., 2011) The intervention was
implemented two times per week for nine weeks and targeted six object control skills throw, catch, strike off a tee, kick, dribble, and roll. The program consisted of 2.5 minutes
of skill introductory activity, followed by 25 minutes of object control skill instruction and
activity, and concluded with a 2.5 minutes closing activity. Two of six different object
control skills were taught daily, resulting in 30 minutes of motor skill instruction and
activity per session, with each object control skill being taught six times across the
intervention. The total time for the motor skill intervention was 540 minutes with 423-468
minutes of pure motor skill instruction. Two Ph.D. students in Motor Behavior with
extensive experience in implementing developmentally appropriate motor programs served
as the instructors (i.e., 1 lead instructor and 1 assistant) for all CHAMP sessions.
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7.2.3 Control
Participants in the control condition were exposed to the standard movement opportunities
of the preschool (i.e., outdoor recess/free play). All children enrolled in the Head Start
center were provided a 30-minute outdoor free play session for each day, totaling 540
minutes. This time was predominately self-directed and did not incorporate specific
instruction, feedback, and practice in motor skills from an instructor. During outdoor
recess/free play, the preschoolers had access to open space with typical playground
equipment such as swings, slides, and various play structures and toys. No data were
collected on the preschoolers’ engagement during the outdoor recess/free play session.

7.2.4 Measurements
Object control skill competence was assessed using the object control subtest of the Test
of Gross Motor Development-2nd edition (TMGD-2) (Ulrich, 2000). The TGMD-2 is a
reliable, valid assessment used to measure motor skill competence in children ages three to
10 years. This process-oriented assessment measures performance on six object control
skills: throwing, catching, striking off a tee, kicking, dribbling, and rolling. Each of the six
skills is divided into three to five specific performance criteria. During test trials, a child
receives a score of one when correctly executing a performance criterion whereas failure
to correctly execute a criterion results in a score of zero. The TGMD-2 was administered
so that a child watches a demonstration of a correctly executed skill and then performs the
skill three times: one practice trial and two test trials. Only test trials were scored. If a child
was unable to demonstrate skill understanding during the practice trial a re-demonstration
of a correctly executed skill was provided. No additional demonstrations were given. In the
present study, all trials were video recorded and test trials later coded by a single researcher
blinded to the study who had 98% inter-rater reliability with an expert in the field. The
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object control skill subtest of the TGMD-2 is worth a total of 48 raw points. All raw score
values were used in subsequent analysis.

7.2.5 Data analysis
Descriptive statistics (means and standard deviations) were used to describe object control
skill levels in girls of both CHAMP and control group. To eliminate concerns regarding
differences in samples sizes, linear mixed models were fitted to determine the effect of the
intervention both immediately following the intervention (post-test) and nine-weeks after
the intervention (retention-test). If there was a significant time*treatment interaction,
independent t-tests were used as post-hoc analysis. All data analyses were conducted in
SPSS v. 21 (IBMCorp, 2012) and significance was set at p = 0.05 for all analyses.

7.3 Results
In total, 54 girls aged three to five years completed all three measurements
(mean age = 47.24 ± 7.38 months, n = 38 intervention, n = 16 control). Results of object
control skill scores at pre-test, post-test and retention are presented in Table 7.1.

The linear mixed model fit to describe changes from pre- to post-test found that girls
exhibited significantly lower object control skill scores at pre-test compared with post-test
(-23.98, t(53.612) = -23.224, p < 0.001). This model also revealed a significant effect of
treatment where the control group scored significantly lower compared to the CHAMP
group, (-0.58, t(98.14) = -12.62, p < 0.001) as well as a significant time*treatment interaction
(23.05, t(53.18) = 12.00, p < 0.001). Independent t-test were used as post hoc analysis t-test
to examine between group differences. These tests revealed that at pre-test the CHAMP
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and the control group did not significantly differ in regards to object control skills (10.32
± 3.63 vs 12.56 ± 4.12, t(52) = -0.199, p > 0.05), but at post-test, girls in CHAMP had
significantly better object control skill scores (32.18 ± 7.67 vs 13.50 ± 4.12, t(53) = 10.23,
p < 0.001, d = 3.35). Lastly, within group differences were explored using a post hoc paired
samples t-test. The tests showed that girls in CHAMP significantly improved their object
control skills (10.32 ± 3.63 vs 32.18 ± 7.67, t(37) = -19.46, p < 0.001) whereas the control
group did not change (12.56 ± 4.12 vs 13.50 ± 4.12, t(15) = -1.43, p > 0.05). Changes in
object control skill scores for each group over time are displayed in Figure 7.1.

The linear mixed model fitted to describe longer term object control skill change (i.e. pre
to retention) found that girls’ scores were significantly lower at the pre-test compared to
the retention test (-19.01, t(53.67) = -18.74, p < 0.001). This model also found that girls in
the control group scored significantly lower than girls in the CHAMP group (-14.92,
t(96.04) = -9.16, p < 0.001). Lastly, this model revealed a significant time*treatment
interaction (17.39, t(52.81) = 9.27, p < 0.001). Post hoc t-tests were used to explore the
significant interaction effect. These tests found that at retention, girls in the CHAMP group
scored significantly higher than girls in the control group (10.32 ± 3.63 vs 29.18 ± 7.50,
t(45.06) = -9.00, p < 0.001). Further, girls in the CHAMP group significantly increased in
object control skills (10.32 ± 3.63 vs 29.18 ± 7.50, t(37) = -16.20, p < 0.001) whereas the
control group did not (12.56 ± 4.12 vs 14.19 ± 4.55, t(15) = -1.43, p > 0.05).
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Figure 7.1 Mean changes in object control skill raw scores over time.
* p < .001
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Table 7.1 Mean object control skill raw scores (range 0-48).
Pre-test

Post-test

Retention

Intervention
(n=38)

Control
(n=16)

Intervention
(n=38)

Control
(n=16)

Intervention
(n=38)

Control
(n=16)

Strike (range 0-10)
Dribble (range 0-8)
Catch (range 0-6)
Kick (range 0-8)
Throw (range 0-8)
Roll (range 0-8)
Overall Score (range 0-48)

2.34 ± 2.29
0.11 ± 0.38
2.39 ± 1.37
2.53 ± 1.61
0.26 ± 1.06
2.68 ± 1.73
10.32 ± 3.63

2.75 ± 1.39
0.94 ± 1.29
2.56 ± 0.89
2.69 ± 0.87
0.38 ± 0.89
3.19 ± 1.52
12.56 ± 4.12

8.42 ± 1.27
4.26 ± 2.69
4.79 ± 1.19
5.68 ± 0.90
4.97 ± 2.82
6.05 ± 1.93
34.18 ± 7.67

2.88 ± 1.41
0.94 ± 1.29
2.75 ± 1.00
2.88 ± 0.96
0.50 ± 0.97
3.50 ± 1.63
13.50 ± 4.18

5.79 ± 2.24
3.08 ± 2.61
4.16 ± 0.44
5.58 ± 0.86
4.29 ± 2.71
6.29 ± 1.83
29.18 ± 7.50

2.75 ± 1.18
1.31 ± 1.45
2.94 ± 1.12
2.94 ± 1.00
0.63 ± 1.15
3.25 ± 1.53
14.19 ± 4.55

Total (n = 54)

10.98 ± 3.88

28.06 ± 11.70

24.74 ± 9.64
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7.4 Discussion
Object control skill competence in young children may be an important predictor of
physical activity during adolescence and adulthood. However, current levels of competence
in these skills are low and show that girls are less competent than boys. This study aimed
to examine the effect of an object control skill intervention on preschool-aged girls and to
assess the maintenance of these skills over time.

Results from this study show that girls significantly improved their object control skills
after a nine-week CHAMP intervention program and thus confirm the first hypothesis.
Since there are no other known studies looking at object control skill interventions in girls,
these results will be compared to gross motor skill interventions in both boys and girls in
the same age group. Bellows et al. (2013) implemented an 18-week physical activity
intervention in child-care centers (Bellows et al., 2013). Motor skills were assessed preand post-intervention using the PDMS-2. Girls demonstrated greater improvements in
object control skills compared to boys (Bellows et al., 2013). However, this study did not
examine the retention of these specific skills (e.g., throwing, catching, and kicking) and it
is difficult to compare the two assessments (i.e., PDMS-2 and TGMD-2).

In this current investigation, the researchers were able to address change from a
developmental standpoint with the use of a control group. The findings support that over
18 weeks, object control skill performance in girls who did not receive any type of
formalized instruction did not change. Specifically, control participants engaged in
30 minutes of outdoor recess/free play that is typical in most preschool settings. Recess and
play are extremely important in promoting healthy development during the preschool years
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(Milteer et al., 2012). However, recess opportunities should not be used as a replacement
for developmentally appropriate motor programs.

Specific gross motor skill experiences are needed for the acquisition of these skills because
motor skills do not “naturally” progress over time. Gross motor skills are learned because
despite popular belief gross motor skills do not develop as part of normal growth and
maturation. These skills, like many skills learned in preschool, (e.g., reading, writing, and
arithmetic) must be “taught, practiced, and reinforced” (Robinson & Goodway, 2009). The
motor development literature demonstrates that little to no developmental changes are seen
in gross motor skills of children who serve as control participants or receive no instruction
(Robinson et al., 2011). In the current study, CHAMP improved girls’ object control skills
after 540 minutes of intervention, but it is unclear how these improvements will compare
to boys. Could girls ‘catch-up’ to boys and stay on a similar developmental trajectory?
There is a need for further research to examine object control skill interventions in girls and
the ability to ‘catch up’ to boys.

A second aim of this study was to examine the maintenance of object control skill
improvements over time. Results showed that girls in the intervention group maintained a
significant improvement in object control skills over time compared to the control group.
This is an important finding given the relationship between object control competence and
physical activity during the adolescent years. One other known study examined the
maintenance of movement skills after a preschool intervention (Zask, Barnett, Ros, et al.,
2012). Children aged eight years were assessed on their gross motor skills three years after
participating in a movement skill intervention. Zask et al. (2012) found that girls in the
intervention group had maintained their object control skill advantage compared to the
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control group, but boys in the intervention group had not (Zask, Barnett, Ros, et al., 2012).
To the best of our knowledge, few have examined this in a preschool population. Robinson
and Goodway (2009) found that preschoolers maintained positive changes following an
object control skill intervention and a nine-week retention (Robinson & Goodway, 2009).
Robinson (2011) also found that no developmental changes occurred in control participants
and positive changes resulted following the implementation of an object control skill
intervention (Robinson, 2011). For both of these studies, no sex differences were examined
nor was there a longer-term assessment of performance. With the emerging evidence
supporting the relationship of object control skills in young children and physical activity
during the adolescent years, it would be fruitful for future studies to track children’s motor
skills and physical activity behaviors longitudinally. This will provide vital information as
to the cascading effect of object control skills on developmental trajectories.

7.4.1 Strengths and limitations
To the best of our knowledge, this was the first study to examine intervention effects in
girls. This is a strength of the study. Another strength of this study is the administration of
a retention test. It is rare in intervention work to assess the motor skill learning and shortterm maintenance of an intervention. This study used a documented and evidence-based
intervention, CHAMP (Robinson & Goodway, 2009; Robinson et al., 2011). However,
limitations of the present study exist. First, this study used unequal number of participants
in the intervention and control groups (38 versus 16), this was due to physical constraints
that created child safety concerns for the preschool outdoor recess/free play space. The
statistical analyses employed is not highly sensitive to differences in sample size and helped
to mitigate this limitation. Equal numbers between the intervention and control groups
would help strengthen these findings. Regardless, across 18 weeks (i.e., nine-week
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intervention and nine-week retention) there were no improvements or positive
outcomes/changes in the control participants which aligns with Logan et al.’s (2015) metaanalysis (Logan et al., 2015). Additionally, the study lacked racial-ethnic diversity among
the sample. The study also lacked the comparison of boys and girls and did not include a
measurement of physical activity. However, these were not aims of the current study.

7.4.2 Future research
Recommendations for future research include examining the ‘catch-up’ effect of girls to
boys following a ball skill intervention. These results would contribute to a better understanding of object control skill changes and could provide information that enhances the
design and implementation of tailored interventions for young children. It would be
beneficial to examine the immediate and long-term effects of motor skill interventions on
physical activity. As noted previously, more longitudinal studies are needed to understand
this relationship.

7.5 Conclusions
Physical inactivity is a public health concern (WHO., 2015). Girls and women tend to be
less active than boys and men and show the greatest decline in physical activity across the
lifespan (Hallal et al., 2012). Historical and current data support that sex differences are
present in object control skills (Barnett et al., 2010; Thomas & French, 1985). Findings
from Barnett et al. (2008; 2009) support that object control skills during childhood is an
important predictor of physical activity during adolescence (Barnett, Beurden van, et al.,
2008; Barnett et al., 2009). The current study found that a nine-week object control skill
intervention (CHAMP) was effective in improving object control skills in preschool-age
girls and these improvements were maintained overtime. Findings suggest that early
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childhood interventions that focus on the development of object control skills in young girls
might be a necessary avenue to address physical inactivity.
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Chapter 8
Research gap 2

The limited amount of gross motor skill research conducted in children under the age of
three has been highlighted in previous chapters in this thesis. The current chapter will
describe this research gap and how it will be addressed in the fourth and main study of this
Doctoral research.

8.1 Literature on gross motor skills in children under the age of three years
Gross motor skills are related to several health-related and developmental outcomes such
as physical activity, cognition and weight status. However, there are few studies that have
investigated the prevalence or health- and developmental-related factors associated with
gross motor skill competence in children under the age of three years, more specifically, in
toddlers. With the availability of measurement tools that examine these factors in younger
children it is possible to look at some of these associations and relationships. This is
important since this might have a direct influence on children’s health outcomes later in
life.

Currently, children and especially preschoolers demonstrate low levels of gross motor skills
(Bardid et al., 2016; Hardy, King, Farrell, et al., 2010; Okely & Booth, 2004). It is therefore
recommended to examine and monitor levels of gross motor skills to ensure appropriate
strategies can be put into place where needed. To date, it remains unknown if the levels of
gross motor skills are only suboptimal from preschool years onwards (broadly speaking
three to five years) or if the level of gross motor skill competence is also suboptimal in
children younger than three years. Examining these levels of competence and investigating
if these levels differ by socio-demographic factors or type of skill will fill an important gap
in the knowledge base in this area as results can guide researchers and practitioners as to
whether and for whom preventive strategies should be initiated early (i.e. during the first
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three years of life). It is feasible to suggest that initiating prevention and intervention
strategies early might result in better gross motor skill competence during the preschool
years and beyond as these early years in life are critical for a child’s development (Shonkoff
& Phillips, 2000). Early commencement of gross motor skill promotion was also
recommended in the systematic review presented in Chapter 5 (Veldman et al., 2016).

8.2 The Behavioral Epidemiology Framework
To develop gross motor skill interventions in children below the age of three the Behavioral
Epidemiology Framework was used (Sallis et al., 2000). This framework proposes a general
sequence of studies on health-related and developmental-related behaviors in order to
design evidence-based public health interventions. The main study of this Doctoral research
was structured using this framework. It has to be acknowledged, however, that the
framework was designed to focus on long term health concerns in the context of healthrelated behaviors. Gross motor skills are seen as an important contributor to health-related
behaviors and factors, and to several developmental areas. Especially in young children the
development of these skills is important. For the current study, gross motor skill
development is therefore considered as the heath-related outcome of the Framework.

Behavioral epidemiology is defined as a subset of research studies examining the
distribution and etiology of health-related behaviors in populations (Sallis et al., 2000).
Additionally, behavioral epidemiology focuses on understanding and influencing
behavioral patterns that are beneficial for health via population-wide initiatives to prevent
disease and promote health (Sallis et al., 2000). In order to clarify and systemize the purpose
of behavioral epidemiology research, a framework was designed. This Behavioral
Epidemiology Framework leads to evidence-based public health interventions by
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proposing a general sequence of studies on health-related and developmental-related
behaviors (Sallis et al., 2000). The framework consists of five phases: 1. Establish links
between behaviors and health; 2. Develop methods for measuring the behavior; 3. Identify
factors that influence the behavior; 4. Evaluate interventions to change the behavior; and
5. Translate research into practice (Sallis et al., 2000). Figure 8.1 displays the Behavioral
Epidemiology Framework in relation to this Doctoral research.

Every phase in the Behavioral Epidemiology Frameworks builds on the previous phase
although several feed-back and feed-forward elements are included. Different phases have
an influence on each other and therefore various interactions among phases can take place
even though the main purpose of the framework is to describe a rationally ordered sequence
of studies.

1. Establish
Links between
Gross Motor
Skills and
Health

2. Develop
Methods for
Measuring
Gross Motor
Skills

3. Identify
Factors that
Influence the
Level of
Gross Motor
skills

4. Evaluate
Interventions
to Promote
Gross Motor
Skill
Development

5. Translate
Research into
Practice

Figure 8.1 The Behavioral Epidemiology Framework.
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8.3 Research questions
The fourth and main study of this Doctoral research aimed to address some of the gaps in
the gross motor skill literature in children under the age of three years. Since this is a
relatively new area of research, the study concentrated on the earlier phases of the
framework in order to provide a foundation for effective and evidence-based interventions
in this young age group. The study had a cross-sectional design and aimed to examine
current levels of gross motor skill competence, associated health-related and developmental
factors as well as socio-demographic factors such as sex, age, weight status and socioeconomic status. The ordering of results and papers are in alignment with the order of the
framework.

The following research questions will be addressed by this fourth and main study in
children aged 11 to 29 months:

Research Question 1

What is the independent association between gross motor skills
and physical activity in children aged 11 to 29 months?

Sub research question

Do the associations between gross motor skills and physical
activity in children aged 11 to 29 months differ by sex or type of
skill (e.g. locomotor skills, object control skills or stationary
skills)?
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Research Question 2

What is the independent association between gross motor skills
and cognitive development in children aged 11 to 29 months?

Sub research question

Do the associations between gross motor skills and cognitive
development in children aged 11 to 29 months differ by type of
skill (e.g. locomotor skills, object control skills or stationary
skills)?

Research Question 3

What is the current level of gross motor skills in children aged
11 to 29 months?

Sub research questions

Do the levels of gross motor skills in children aged 11 to 29
months differ by sex, age or type of skill (e.g. locomotor skills,
object control skills or stationary skills)?
What socio-demographic factors are associated with levels of
gross motor skills in children aged 11 to 29 months?
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8.4 Phases of the framework
8.4.1 Phase 1: Establish links between gross motor skills and health
Epidemiology studies examine associations between behaviors and health. Outcomes from
these studies provide a rationale for proceeding to the next phase of the framework. This
Doctoral research will address this phase by examining associations between gross motor
skills and health-related and developmental outcomes such as physical activity and
cognitive development in children under the age of three. Chapter 9 will describe the crosssectional study examining gross motor skills and physical activity. Chapter 10 will describe
the cross-sectional study examining gross motor skills and cognitive development.

8.4.2 Phase 2: Develop methods for measuring the gross motor skills
Throughout all stages of research, valid and reliable measurements are essential.
Development of (new) measurements, reliability and validity tests and field-testing new
tools is therefore important. Currently, a valid and reliable measurement for gross motor
skills is available in children under the age of three. This phase will therefore not be
addressed in this Doctoral research.

8.4.3 Phase 3: Identify factors that influence the level of gross motor skills
The primary purpose of this phase in the framework is to examine demographic correlates
of behavior. This descriptive epidemiology describes how the behavior varies by, for
example, sex, age, ethnic group, socio-economic status and other variables. This research
is important to identify target groups who are most in need of interventions. A secondary
purpose of this phase is to examine correlates, influences and determinants of the behavior.
This Doctoral research will address this phase by examining how gross motor skills vary

103

by sex, age, weight status and socio-economic status. Chapter 11 will describe the crosssectional study examining the current levels of gross motor skills in children under the age
of three and how these levels vary by selected socio-demographic variables. As mentioned
previously, the appearance of results and papers are in alignment with the order of the
framework and therefore levels of gross motor skills are presented in Chapter 11.

8.4.4 Phase 4: Evaluate interventions to promote gross motor skills
Intervention programs should be designed using the knowledge and results from phases
1 to 3. Efficacy can be evaluated using randomized controlled trials or effectiveness studies
can be conducted to assess “real world” outcomes. Previous phases can identify target
populations, modifiable factors which might be considered as mediating factors in the
intervention and determinants of behavior which might be targeted through an intervention.

Given the lack of research in gross motor skills in children under the age of three and the
scope of this Doctoral research, the aim is to fill gaps earlier on in the Framework. This
phase will therefore not be addressed in this Doctoral research.

8.4.5 Phase 5: Translate research into practice
After establishing the effectiveness of an intervention in phase 4, research should be
translated into practice. Interventions should be feasible to be used in worksites, schools,
health care settings, and broader community environments to have an impact on people’s
health. In this phase it will also be important to identify determinants of program adoption
and implementation. This phase is beyond the scope of this Doctoral research and will not
be addressed.
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Chapter 9
Associations between gross motor skills and physical
activity in Australian toddlers

This chapter has been published as: Veldman, S.L.C., Jones, R.A., Santos, R., Sousa-Sá,

E., Pereira, J.R., Zhang Z. & Okely A.D. “Associations between gross motor skills and
physical activity in Australian toddlers.” Journal of Science and Medicine in Sports
10.1016/j.jsams.2017.12.007 (Appendix D).
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9.1 Introduction
Physical activity is essential for healthy growth and development, and has been associated
with physical, psychosocial, and cognitive health throughout childhood (Poitras et al.,
2016; Timmons et al., 2012). However, physical inactivity is a growing public health
concern (Kohl et al., 2012) and in addition to the increased morbidity (Kohl et al., 2012),
is responsible for a large economic burden (Ding et al., 2016). Therefore, promoting
physical activity, especially across the lifespan, is a key public health priority.

One way of increasing physical activity might be through promoting high levels of gross
motor skill competence. Gross motor skills are seen as the building blocks and foundation
of movement and physical activity, and are therefore a vital component throughout life
(Gallahue & Ozmun, 2002). Models on motor development have also highlighted the
importance of gross motor skill competence for advanced motor behavior. For example,
the “proficiency barrier” suggests a certain level of gross motor skill competence is
necessary to be able to engage in games and sports (Seefeldt, 1980). Gross motor skills
comprise locomotor skills, object control skills and stability skills and include jumping,
running, kicking and throwing. They have been associated with several health-related and
developmental outcomes such as weight status (Lubans et al., 2010; Robinson et al., 2015),
self-perceptions (Robinson et al., 2015), cognition (van der Fels et al., 2015) and cardiorespiratory fitness (Lubans et al., 2010; Robinson et al., 2015).

Two recent systematic reviews found a positive relationship between gross motor skill
competence and physical activity in children and adolescents (Holfelder & Schott, 2014;
Logan et al., 2015). However, only a few studies have examined this relationship in the
early years of life (< five years), with results inconclusive. Some studies found significant
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positive but weak associations (Fisher et al., 2005; Foweather et al., 2015; Iivonen et al.,
2013) while other studies found no associations (Johansson et al., 2015; Wijtzes et al.,
2013; Williams et al., 2008). Of these studies, three examined sex differences within this
association in preschool-aged children (ages three to five years) and one also examined age
differences. Williams et al. (2008) found weak, but significant positive associations
between total motor performance and MVPA (r = 0.20, p < 0.01) and VPA (r = 0.26,
p < 0.001) in children aged three to four years (Williams et al., 2008). When dividing this
sample by age, they found significant associations between total motor skill performance
and physical activity in children aged four years but not for children aged three years. The
only sex difference found was in VPA, with boys spending more time in VPA compared to
girls. Fisher et al. (2005) also found weak, but significant correlations between total
movement skills score and total physical activity (r = 0.10, p = 0.039) as well as MVPA
(r = 0.18, p < 0.001) in four-year-old children (Fisher et al., 2005). These correlations were
similar when examining boys and girls separately. Cliff et al. (2009), in contrast with the
other two studies, did find sex differences in the association between motor skills and
physical activity. They found a positive association between object control skills and time
spent in MVPA (r = 0.52, p = 0.008) and total physical activity (r = 0.37, p = 0.015) among
preschool-aged boys, while locomotor skills and MVPA among preschool-aged girls were
inversely associated (r = -052, p = 0.015)(Cliff et al., 2009). Reasons for the inconclusive
evidence on the relationship between gross motor skills and physical activity may be
explained by differences in samples (e.g. size, age group, socio-economic status) and
methodologies. Indeed, gross motor skills have been measured using different assessment
tools (e.g. performance criteria used, process versus product-oriented assessment, norms
used) and physical activity has also been measured in different ways (e.g. questionnaires
vs accelerometers, cut-points used, epoch length).
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Currently, few studies have examined the associations between gross motor skill
development and physical activity in children under the age of three and these studies have
several methodological limitations. They examined the association in toddlers using either
an observational motor assessment mostly used to identify neurological dysfunctions
(“neurological examination technique for toddler-age” according to Hempel) (Johansson et
al., 2015) or a parent questionnaire to screen for gross motor delay (the Minnesota Infant
Development Inventory) (Wijtzes et al., 2013). The methods used to measure physical
activity were not all validated in toddlers (e.g. step counts from wrist placement or cutpoints used for analysis). The present study will attempt to overcome the limitations of
previous research and increase the knowledge and understanding of gross motor skill
development and physical activity in young children. Addressing this gap might contribute
to strategies for health promotion. The aim of this study was to examine the associations
between the gross motor skills outcomes (locomotor, object control and stability) and
objectively measured physical activity in children aged 11 to 29 months. Addressing this
gap might contribute to strategies for health promotion.

9.2 Methods
This cross-sectional study was conducted concurrently with the baseline data collection of
the ‘Get Up’ study. The rationale and protocol for the GET UP! STUDY can be found
elsewhere (Santos et al., 2016). The ‘Get Up’ study was a 12-month two-arm parallel group
cluster randomized controlled trial which is currently evaluating the effects of reduced
sitting time on toddlers’ cognitive development. Reporting was done following the
STROBE Statement (von Elm et al., 2008).
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9.2.1 Participants
Children were recruited via early childhood education and care services across New South
Wales, Australia. Services were eligible if they had at least one classroom of toddlers from
a low- to medium-socioeconomic background. Children were considered ineligible if they
had any disabilities, were born very preterm or were diagnosed with a medical condition.
More information on the selection procedures for these services as well as eligibility criteria
for participants are described in the previously published methods paper (Santos et al.,
2016). Recruitment started in October 2015 and took eight months. The initial aim was to
recruit 16 centers with an average of 20 children per center. However, the amount of
children per center was lower than expected and therefore 30 early childhood education
and care services were recruited with an average of 12 children per center. This was done
to ensure adequate statistical power for the original study (GET UP Study). Data collection
took place between March and August 2016 through week-long visits in the participating
centers by trained data collectors. Training for data collectors took place over two days at
the University of Wollongong and involved instructions and practical sessions. Prior to data
collection, written informed consent was obtained from the participant’s parents or
caregivers. The study was approved by the Human Research Ethics Committee of the
University of Wollongong, Australia (HE15/236) and was registered in the Australian New
Zealand Clinical Trials Registry: ACTRN12616000471482, 11/04/2016 (retrospectively
registered).

9.2.2 Physical activity
Physical activity was measured using tri-axial accelerometers (Actigraph GT3X+) (Trost,
Fees, Haar, Murray, & Crowe, 2012). An epoch of 30 Hz was used, and then files were
reintegrated in 15s epochs. Children were asked to wear the accelerometers 24 hours/day
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over seven consecutive days except for water-based activities. All data were checked for
wear time. Sleep- and nap-time were excluded from the present analysis. Valid wear time
was defined as a minimum of one day, with at least four hours of recorded data given the
exclusion of naps and sleep (Stanley et al., 2016). Non-wear time was defined as 20 minutes
of consecutive zeros. Physical activity was analyzed in using the following classifications:
percentage of total wear time spent in sedentary (≤100 counts/min), light physical activity
(LPA, 101-1680 counts/min), and MVPA (>1680 counts/min). These cut points have been
recommended for toddlers (Trost et al., 2012). For the purpose of analyses, LPA and
MVPA was grouped together as total physical activity. Accelerometer data were analyzed
using the Actilife software.

9.2.3 Gross motor skills
Gross motor skills were assessed using the gross motor skill subtest of the PDMS-2 (Folio
& Fewell, 2000). This assessment consists of three subtests: locomotion, object control and
stationary and has been validated in children aged zero through five years. All PDMS-2
subtests showed good internal consistency (α = 0.76–0.95) and test-retest reliability
(ICC = 0.85–0.95) (Folio & Fewell, 2000). Items were administered by trained data
collectors by demonstrating the item correctly. The entry point of the test was based on the
decimal age of the child and a child was required to perform the first three items correctly
(e.g. a score of 2). If a child was not able to meet these requirements, the test was
administered backwards until requirements were met. The assessment finished when a child
received a score of 0 on three consecutive items. Children were assessed on their
performance by a single trained data collector according to the scoring options provided
per item (i.e., “2 – The child performs the item according to the criteria specified for
mastery”, “1 – The child’s performance shows a clear resemblance to the item mastery
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criteria but does not fully meet the criteria”, or “0 – The child cannot or will not attempt
the item, or the attempt does not show that the skill is emerging”). Up to three trials per
item were allowed to receive a score of 2. The total amount of points accumulated by a
child on a subtest (raw score) was converted into a standard score using the examiner’s
manual and software provided (Folio & Fewell, 2000). Using the standard scores of the
three subtests, the GMQ was determined.

9.2.4 Weight status
Height and weight were measured following standard procedures (Santos et al., 2016).
Height was measured to the nearest 0.1 cm using a Seca 254 portable stadiometer
(Hamburg, Germany). The child was positioned standing upright in bare feet or socks and
with their head in the Frankfort Plane. Weight was measured to the nearest 0.1 kg using a
portable electronic Seca 254 Scale (Hamburg, Germany). The child was lightly dressed
while heavy coats, heavy pocket items, shoes and diapers were removed. BMI was
calculated using the height and weight measures (weight (kg)/height (m2)). Information on
the child’s date of birth and sex was self-reported by the parents or caregivers.

9.2.5 Data analysis
Descriptive analyses are presented as mean ± standard deviation (mean ± SD). Sex
differences were examined using Mann-Whitney and two-tailed student’s t-tests for not
normally and normally distributed continuous variables, respectively. To analyze the
associations between gross motor skills (standardized scores – explanatory variable), total
physical activity, and MVPA, a series of multilevel linear regression models were fitted to
assess regression coefficients and standard errors (SEs) predicting total physical activity or
MVPA (response variables). Subjects were nested in two levels: level 2 – ECEC services
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and level 1 – children. Construction of the multilevel linear models started by investigating
intra-class coefficients from the unconditional means model (null model) to estimate the
proportion of the total variance in gross motor skills attributable to differences in ECEC
services (ICC, Total physical activity = 0.188; ICC, MVPA = 0.163). Afterwards, the
models were constructed by adding the explanatory variable (gross motor skills) and all
confounding variables (sex, age and BMI) simultaneously. This was then followed by an
interactive process to test the effects of adding random slopes and intercepts to each of the
variables included in the model. This was done using the -2loglikelihood ratio as the basis
for judging differences between models every time a random slope or a random intercept
was being tested in a given variable. The value of the likelihood ratio statistic, obtained
from the two models' loglikelihoods, was compared to a chi-squared distribution on
1 degree of freedom. The final model did not include random slopes or random intercepts
because these did not significantly improve the initial model. Model fit was evaluated by
checking the normality of the residuals of the final model. Wald tests were used to test
significance of each regression coefficient. The significance for all tests was set at p < 0.05.
Descriptive analyses were conducted using SPSS version 21 (IBMCorp, 2012) and
multilevel analyses were conducted using MLwiN version 2.36 (Rasbash, Charlton,
Browne, Healy, & Cameron, 2009).

9.3 Results
A total of 284 children (84.78% of the total amount of children included in the GET UP
study) aged 11 to 29 months (mean age = 19.77 ± 4.18 months) completed all assessments
and were therefore included in this study. There were slightly more boys (n = 151, 53.2%)
than girls and the mean BMI was 17.84 ± 1.71 kg/m2. On average, children wore the
accelerometer for 537.16 ± 113.89 minutes per day (excluding sleep- and nap- time). They
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spent 53.08% of their time in physical activity of which 10.39% was spent in MVPA. Boys
were more active than girls for total physical activity and MVPA (p < 0.01 for both) and
girls spend more time sedentary (p < 0.01). The average GMQ score was 96.16 (of a
possible range 35-165) and the mean standard scores for the subtests were 8.41, 9.79 and
10.09 (of a possible range 0-20), for locomotion, object control and stationary, respectively.
The only sex difference found in gross motor skills was for object control, where boys
scored higher than girls (p < 0.001, Table 9.1).

There was no association between gross motor skills and total physical activity (Table 9.2)
or MVPA (Table 9.3).
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Table 9.1 Participants’ characteristics.

Age, months
BMI, kg/m2
Physical Activity
- Sedentary (%)
- Total PA (%)
- MVPA (%)
- Average Wear Time per day (minutes)
Gross motor skills
- Gross motor quotient (range 35-165)
- Locomotion (range 1-20)
- Object control (range 1-20)
- Stationary (range 1-20)
a
b

All (n = 284)
mean ± SD
19.77 ± 4.18
17.84 ± 1.71

Boys (n=151)
mean ± SD
19.84 ± 4.23
17.96 ± 1.67

Girls (n=133)
mean ± SD
19.69 ± 4.13
17.69 ± 1.75

p-Valuea

46.92 ± 7.99
53.08 ± 7.99
10.39 ± 4.00
537.16 ± 113.89

45.78 ± 8.73
54.22 ± 8.73
11.05 ± 4.54
528.35 ± 124.32

48.22 ± 6.85
51.78 ± 6.85
9.64 ± 3.14
547.18 ± 100.28

0.004
0.004
0.007
0.092

96.16 ± 9.76
8.41 ± 2.18
9.79 ± 2.16
10.09 ± 1.26

96.60 ± 10.17
8.38 ± 2.28
10.21 ± 2.02
9.99 ± 1.14

96.65 ± 9.28
8.44 ± 2.09
9.32 ± 2.22
10.21 ± 1.39

0.222
0.557
0.000
0.398

0.748
0.194b

Mann-Whitney Test
Two-tailed Student’s t-test.
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Table 9.2 Summary of multilevel analysis for gross motor skills and total physical activitya.
Adjustedb

Unadjusted
Gross Motor Skills
Total sample
Gross motor quotient
Locomotion
Object control
Stationary
Girls
Gross motor quotient
Locomotion
Object control
Stationary
Boys
Gross motor quotient
Locomotion
Object control
Stationary
a
b

B

SE B

p value

B

SE B

p-Value

0.0066
0.1105
0.3039
-0.5070

0.0465
0.2086
0.2085
0.3531

0.879
0.596
0.145
0.151

0.0068
0.2268
0.1938
-0.4756

0.0466
0.2177
0.2118
0.3492

0.999
0.781
0.481
0.603

-0.0194
0.1543
0.3071
-0.8677

0.0675
0.3023
0.3390
0.5877

0.774
0.610
0.365
0.140

-0.0283
0.1445
0.2670
-0.8942

0.0694
0.3352
0.3429
0.5869

0.983
0.980
0.895
0.508

0.0066
0.0639
0.0519
-0.1782

0.0631
0.2869
0.2636
0.4210

0.924
0.824
0.844
0.672

0.0148
0.2373
0.0198
-0.2826

0.0621
0.2839
0.2602
0.4100

0.996
0.874
0.999
0.924

All models are adjusted for potential clustering of early childhood education and care services
Adjusted for sex, age and BMI in total sample. Adjusted for age and BMI in girls and boys
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Table 9.3 Summary of multilevel analysis for gross motor skills and MVPAa.
Adjustedb

Unadjusted
Gross Motor Skills
Total sample
Gross motor quotient
Locomotion
Object control
Stationary
Girls
Gross motor quotient
Locomotion
Object control
Stationary
Boys
Gross motor quotient
Locomotion
Object control
Stationary
a
b

B

SE B

p-Value

B

SE B

p-Value

0.0041
0.0851
0.1416
-0.2732

0.0234
0.1049
0.1052
0.1778

0.862
0.417
0.178
0.124

0.0044
0.1385
0.0887
-0.2414

0.0234
0.1095
0.1068
0.1758

0.950
0.659
0.875
0.597

0.0942
0.1351
0.1855
-0.2994

0.0347
0.1551
0.1741
0.3029

0.786
0.384
0.287
0.323

0.0088
0.1559
0.1865
-0.3005

0.0358
0.1722
0.1764
0.3032

0.996
0.845
0.759
0.806

-0.0026
0.0681
-0.0118
-0.1792

0.0292
0.1311
0.1219
0.1941

0.929
0.603
0.923
0.356

0.0033
0.1555
-0.0191
-0.1980

0.0290
0.1310
0.1216
0.1910

0.999
0.703
0.999
0.783

All models are adjusted for potential clustering of early childhood education and care services
Adjusted for sex, age and BMI in total sample. Adjusted for age and BMI in girls and boys
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9.4 Discussion
In this study gross motor skill development was not associated with total physical activity
or MVPA in children aged 11 to 29 months. Previous studies examining the relationship
between gross motor skills and physical activity in young children found mixed results.
Some studies found no association (Barnett, Ridgers, & Salmon, 2015; Johansson et al.,
2015; Wijtzes et al., 2013), mixed associations (Cliff et al., 2009; Williams et al., 2008) or
significant positive associations, even though some associations were weak (Fisher et al.,
2005; Foweather et al., 2015; Iivonen et al., 2013). Two of these studies were conducted in
toddlers and will therefore be compared to the current study in more detail (Johansson et
al., 2015; Wijtzes et al., 2013).

Johansson et al. (2015) examined the levels and patterns of physical activity and associated
correlates including motor skills in Swedish 2-year-old toddlers (Johansson et al., 2015).
Results showed no associations between physical activity or sedentary behavior and motor
skills in these children. A similar study describing and identifying correlates of physical
activity and sedentary behavior was conducted by Wijtzes et al. (2013) in 2-year-old Dutch
toddlers. Multivariate analysis showed a trend towards significance when examining the
associations between gross motor delay and MVPA and counts per minute. Both studies
reported similar results to those in this study (i.e. no association between gross motor skills
and physical activity in children under the age of three years). However, in contrast to the
other studies, the present study was the first to use a valid gross motor skills instrument
(PDMS-2). The previous studies used either a parent questionnaire, the Minnesota Infant
Development Inventory, to screen for gross motor delay (Wijtzes et al., 2013) or the “neurological
examination technique for toddler-age” according to Hempel, an observational motor assessment
mostly used to identify neurological dysfunction (Johansson et al., 2015). For all three studies,
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different measurement sites, cut-points or epochs were used to measure or analyze physical
activity. In the first study children wore accelerometers on their wrists (Johansson et al.,
2015) which does not allow for comparison of average physical activity (counts/min). The
other study used higher cut points to define sedentary behavior and physical activity
compared to the current study (Wijtzes et al., 2013). The use of such cut points may have
meant that the time spent in sedentary behavior was overestimated and the time spent in
physical activity potentially underestimated.

Results from previous systematic reviews in children aged three to 18 years support the
hypothesis that there is a relationship between gross motor skill competence and physical
activity and that this relationship strengthens with age (Holfelder & Schott, 2014; Logan et
al., 2015). Given the young age of the children in this study, gross motor skills are still
rudimentary and developing, and vary greatly. Their performances are also influenced by
differences in movement experiences (Gallahue & Ozmun, 2002). A relationship between
gross motor skills and physical activity is therefore likely still developing. This hypothesis
is in line with the developmental model proposed by Stodden et al. (2008) suggesting the
relationship between gross motor skills and physical activity becomes stronger and more
reciprocal with increasing age due to continuing development (Stodden et al., 2008). This
is also seen in motor development models, such a the ‘proficiency barrier’ and the’
mountain of motor development’, suggesting a certain level of competence is needed to
engage in sports and physical activity (Clark & Metcalfe, 2002; Seefeldt, 1980).
Furthermore, research in preschoolers has shown a range of individual, social and
environmental factors have an influence on both gross motor skills and physical activity.
These factors include intrinsic motivation, movement experience, peer-interactions, socioeconomic status and parental influences (Cools et al., 2011; Hinkley, Crawford, Salmon,
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Okely, & Hesketh, 2008). These factors might also have an influence in toddlers, however,
there is no evidence for this. Additional analyses were conducted in this sample for toddlers
above and below the age of 20 months in order to further examine support for this
hypothesis. There were no differences between the two age groups in the strength of the
associations between gross motor skills and physical activity.

The sex differences observed in this study are in line with research conducted in
preschoolers for both object control skills (Goodway et al., 2010; Hardy, King, Farrell, et
al., 2010) and physical activity levels (Foweather et al., 2015; Hinkley et al., 2008).
However, one other study conducted in children aged 2 years did not find sex differences
in physical activity levels (Johansson et al., 2015). Social influences such as family, peers
and teachers, as well as environmental or cultural influences are likely to be associated with
sex differences in gross motor skills and physical activity (Hinkley et al., 2008).

9.4.1 Strengths and limitations
The strengths of this study include (1) the size of this young sample; (2) the use of an
objective measure of physical activity; (3) the use of a valid and reliable tool to assess gross
motor skill development (including outcomes regarding locomotor skills, object control
skills and stationary skills); (4) the high methodological quality, i.e. adjustments for
clustering in the analysis; and (5) adherence to the STROBE statement in reporting.
Limitations include the cross-sectional analysis which precluded causality and the potential
bias when it comes to accelerometry in young children (i.e. unable to control for children
being picked up and carried).
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9.4.2 Future research
Future research should include longitudinal studies to examine the change in the nature of
the relationship between gross motor skill development and physical activity with
increasing age in children. Additionally, it is recommended to examine correlates of both
gross motor skills and physical activity in toddlers and look at what types of activities they
participate in.

9.5 Conclusions
This study was unique in examining associations between gross motor skill development
and physical activity in children under the age of three in Australia. By using valid
measurement tools the study addressed some of the methodological limitations from
previous studies. Results show there were no associations between physical activity and
gross motor skills in these participants, implying that age and development might be an
important factor in the relationship between gross motor skills and physical activity. This
paper contributes to the existing literature by adding information that was missing in this
young age group regarding the relationship between gross motor skills and physical
activity. Even though the relationship is not present at this young age, targeting gross motor
skills is still an important strategy to promote a physically active lifestyle. Especially in this
young age group, before poor techniques have developed and children are willing to
practice and learn, it might be important to intervene and prevent children from getting
behind on their peers.

120

Chapter 10
Associations between gross motor skills and cognitive
development in Australian toddlers

This chapter has been submitted as: Veldman, S.L.C., Santos, R., Jones, R.A., Sousa-Sá,

E. & Okely A.D. “Associations between gross motor skills and cognitive development in
Australian toddlers.” Scandinavian Journal of Medicine & Science in Sports (under
review).

10.1 Introduction
The early years of life are critical for a child’s development (Gabbard, 2008; Gale,
O'Callaghan, Godfrey, Law, & Martyn, 2004; Wrotniak et al., 2006). In this period, the
brain and central nervous system grow rapidly as new connections or synapses between
cells are formed (Shonkoff & Phillips, 2000). The early years are also a critical time for
gross motor development. During this period, the foundation for advanced motor behavior
is laid by the development of infant reflexes and reactions, rudimentary motor skills and
finally, gross motor skills (Gallahue & Ozmun, 2002). Gross motor skills are the building
blocks of movement and consist of locomotor, object control and stability skills (Gallahue
& Ozmun, 2002). These skills include jumping, running and kicking and are critical in the
promotion and maintenance of healthy developmental trajectories.

Brain research suggests that motor and cognitive development are interrelated, with
neuroimaging studies showing the neocerebellum and the dorsolateral prefrontal cortex are
co-activated during both motor and cognitive tasks (Diamond, 2000; 2007). Early
childhood education and care specialists and developmental psychologists also support the
notion that motor and cognitive development overlap and are interrelated (Vameghi et al.,
2013). Additionally, the inter-connectedness of motor development and cognitive
development has underpinned fundamental theories in child development. According to
Piaget’s ‘Cognitive Development Theory’, motor and cognitive development are related
through “thinking by bodily movement” (Piaget & Cook, 1952). Cognitive processes are
enhanced by actions created by the body and this is especially apparent in the sensorimotor
stage of development (ages zero to two years). ‘Dynamic Systems Theory’ (Thelen &
Smith, 1994) proposes movement is produced as a result of the interaction between subsystems such as the cognitive, neurological, muscular and skeletal. Additionally, the
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‘Ecological Perspective’ (Gibson, 1979) proposes infants can perceive information from
the environment and act on this, thereby linking cognitive and motor processes.

Gross motor skills have been positively associated with physical activity and fitness (Logan
et al., 2015; Lubans et al., 2010), perceived competence (Barnett et al., 2015; Robinson et
al., 2011) and body weight (Logan, Scrabis-Fletcher, et al., 2011; Lubans et al., 2010) in
children aged three to 18 years. A recent systematic review examined the relationship
between motor and cognitive skills in typically developing children aged four to 16 years
(van der Fels et al., 2015). Twenty-one articles were included in the review with mixed
(weak-to-strong) evidence for correlations when examining underlying categories of motor
and cognitive skills. The categories of motor skills with the most evidence for a correlation
were object control skills, fine motor skills and timed performance in movements. This
relationship was stronger for pre-pubertal children compared to pubertal children
(>13 years). To date, few studies have examined the relationship between gross motor skills
and cognition in children below the age of five. Two studies examining this relationship in
infants (aged three to 16 months) concluded that they were strongly associated and
dependent on each other (Pereira, Saccani, et al., 2016; Pereira, Valentini, et al., 2016).
Houwen et al. (2017) examined the associations between motor performance and parentrated executive functions in 153 preschoolers (mean age 4.1 years) (Houwen et al., 2017).
They found several positive relationships between motor performance and executive
function subscales; however, only the working memory subscale was associated after
adjusting for age, sex, socioeconomic status and attention deficit hyperactivity disorder
symptomatology. Two studies conducted in older preschoolers (aged five to six years)
showed positive associations between subtests of motor skills and cognition (Niederer et
al., 2011; Stein, Auerswald, & Ebersbach, 2017). One of these studies showed associations
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between both agility (obstacle course) and dynamic balance and spatial working memory,
and between agility and attention (Niederer et al., 2011). The other study showed shifting
(accuracy) was related to all motor functions (manual dexterity, object control skills,
dynamic balance), cognitive inhibition (reaction times) was related to all motor functions
except for balance, and motor inhibition (accuracy) was related to dynamic balance (Stein
et al., 2017).

The importance of both gross motor skill development as well as cognitive development
for school readiness and long-term academic success have been recognized in the revised
‘Head Start Early Learning Outcomes Framework: Ages Birth to Five’(2015) (Horm,
Norris, Perry, Chazan-Cohen, & Halle, 2016; Office of Head Start, 2015). This framework
states that motor and cognitive development, together with social-emotional development,
form the three main, inter-related, developmental areas in the early years of learning and
development. Research also supports the long-term importance as early motor
development, age birth to four years, has been shown to be a predictor of processing speed
and working memory in children aged six to 11 years (Piek et al., 2008). Additionally, two
studies have examined motor milestones and found earlier attainment (at ages one and two)
was related to better educational mean scores at age 16 (Taanila et al., 2005) and better
intellectual performance at ages eight, 26 and 53 (Murray et al., 2007).

To our knowledge, there are no studies that have examined these relationships in toddlers.
This information will be valuable from both a theoretical and practical perspective. It will
contribute to a better understanding of the association between the control and development
of motor and cognitive tasks, and might benefit intervention studies aimed at improving
motor skills and cognition in the early years of life. The aim of this study was to examine
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the associations between gross motor development and cognitive development in
Australian toddlers (aged 11 to 29 months).

10.2 Methods
This study used a cross-sectional design and was conducted concurrently with the baseline
data collection of the ‘Get up’ study (Santos et al., 2016). ‘Get Up’ was a 12-month twoarm parallel-group cluster randomized controlled trial evaluating the effects of reduced
sitting time on toddlers’ cognitive development.

10.2.1 Participants
Recruitment took place in 30 early childhood education and care services across New South
Wales, Australia. Ineligibility criteria for children included being born preterm, having any
disabilities or being diagnosed with a medical condition. More information on protocols
and procedures of the ‘Get Up’ Study have been previously published (Santos et al., 2016).
Recruitment took place between October 2015 and May 2016. More centers were recruited
than originally intended due to the lower amount of eligible children in attendance at each
center. Data were collected through week-long visits in the participating centers by trained
data collectors between March and July 2016. All data collectors participated in a two-day
training workshop facilitated at the University of Wollongong prior to data collection. This
training included measurement and practical sessions to ensure correct administration of
the data collection instruments. Written informed consent was obtained from the
participant’s parents or caregivers prior to data collection. The study was approved by the
Human Research Ethics Committee of the University of Wollongong, Australia
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(HE15/236) and the study was registered in the Australian New Zealand Clinical Trials
Registry: ACTRN12616000471482, 11/04/2016 (retrospectively registered).

10.2.2 Gross motor skills
The gross motor skill test of the PDMS-2 was used to assess gross motor skills (Folio &
Fewell, 2000). This comprises three subtests: locomotion, object control and stationary.
The age of the child determined the entry point of the test and additionally a child had to
be able to perform the first three items correctly. If the child was not able to do so, the test
was administered backwards until a child reached three consecutive ‘2’ scores. Trained
data collectors administered the items by demonstrating the item correctly. Assessments
were scored according to the scoring options provided per item. That is, “2 – The child
performs the item according to the criteria specified for mastery”, “1 – The child’s
performance shows a clear resemblance to the item mastery criteria but does not fully meet
the criteria”, or “0 – The child cannot or will not attempt the item, or the attempt does not
show that the skill is emerging”. Children were allowed up to three trials per item to receive
a maximum score of ‘2’. The assessment finished if a child received a ‘0’ score on three
consecutive items. The total number of points per subtest (raw score) was converted into a
standard score using the examiner’s manual and software provided (Folio & Fewell, 2000)
and labelled with a description: ‘Very superior’, ‘Superior’, ‘Above average’, ‘Average’,
‘Below average’, ‘Poor’ and ‘Very poor’ (Folio & Fewell, 2000). The GMQ can be derived
from standard scores of the three subtests. For the purpose of analysis, children belonging
in the groups ‘Very superior’, ‘Superior’ and ‘Above average’ were grouped together and
formed a group named ‘Above average’ and children in the groups ‘Below average’, ‘Poor’
and ‘Very poor’ were grouped together and formed a group labelled ‘Below average’. This
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was done given the small numbers in the groups: ‘Very superior’, ‘Superior’, ‘Poor’ and
‘Very poor’.

10.2.3 Cognitive development
Cognitive development was assessed using the Bayley-III (Bayley, 2006). The items in the
assessment covered sensorimotor development, exploration and control, object relatedness,
concept formation, memory, and problem solving. The entry point of the assessment was
based on the age of the child. A child was required to score a ‘1’ on the first three
consecutive items to continue; otherwise the test would start again at the entry point of the
previous age. The assessment finished when a child scored ‘0’ on five consecutive items.
The total number of points (raw score) were converted into a standard score using the
examiner’s manual (Bayley, 2006). The standard score (range 1-19) was used in the
analyses.

10.2.4 Weight status
Height and weight were measured using standardized procedures (Lohman, Roche, &
Martorell, 1988; Santos et al., 2016). For height, the child was positioned upright with their
head in the Frankfort Plane. A portable Seca 254 stadiometer (Seca, Hamburg, Germany)
was used to measure this to the nearest 0.1 cm. A portable Seca 254 electronic Scale (Seca,
Hamburg, Germany) was used to measure weight to the nearest 0.1 kg. Children were
measured with light clothes (t-shirt and shorts), without shoes and diapers. BMI was
calculated as weight (kg)/height (m2)).
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10.2.5 Demographics
The child’s date of birth and sex were self-reported by the parents or caregivers. Via a
parent questionnaire, information was collected on the family’s postcode, which in turn
was converted into the Australian Socio-Economic Index for Areas (SEIFA Index). This
Index ranks areas according to relative socio-economic disadvantage on a scale from
1: most disadvantaged, to 10: least disadvantaged. This Index was developed by the
Australian Bureau of Statistics and for the current study was reported in tertiles as follows:
low (deciles 1-3), middle (deciles 4-6) and high (deciles 7-10).

10.2.6 Data analysis
Descriptive analyses were presented as mean ± standard deviation (SD) and percentages.
Sex differences were examined using two-tailed student’s t-tests (normally distributed
variables) and Mann-Whitney tests (not normally distributed variables) for continuous
variables and Chi-square tests for categorical variables.

A one-way ANCOVA was conducted to determine the statistically significant differences
between the three categories (below average, average and above average) of the gross
motor quotient and standard scores of the subtests (locomotion, object control and
stationary) on cognitive development. The early childhood education and care services
were entered as a random factor and confounders included age, sex, BMI and socioeconomic status. Post-hoc analyses were conducted using Bonferonni analysis. Data were
analyzed using SPSS software, version 21.
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10.3 Results
A total of 335 toddlers aged 11 to 29 months (mean age = 19.80 ± 4.08 months) completed
all measures of gross motor skills and cognitive development. There were slightly more
boys (n = 180, 53.7%) than girls and the mean BMI was 17.84 ± 1.69 kg/m2. The average
standard score for cognitive development was 11.45 ± 3.03. For gross motor skills, the
average GMQ score was 96.41 ± 9.84. For the different subtests, the standard scores were
8.42 ± 2.21 for locomotion, 9.86 ± 2.21 for object control and 10.11 ± 1.24 for stationary.
For object control boys scored higher than girls (p = 0.01). Overall, 43.6% of the children
had a low socio-economic status (Table 10.1).

There was a significant effect of gross motor skills (GMQ) on cognitive development after
controlling for childcare center, sex, age, BMI, and socioeconomic status (F (2, 260) = 12.245,
p < 0.001; Table 10.2). Both locomotion and object control skills also had a significant
effect on cognitive development after controlling for the same variables (F (2, 266) = 14.607,
p < 0.001 and F (2, 265) = 9.039, p < 0.001; Tables 10.3 and 10.4), respectively. There was
no significant effect of stationary skills on cognitive development (Table 10.5). Post-hoc
analyses revealed significant differences between GMQ groups with children in the average
group having better cognitive development compared to children in the below average
group (p < 0.001), and children in the above average group had better cognitive
development compared to children in the average (p < 0.05) and below average group
(p < 0.001; Table 10.2). Similar results were seen for locomotion; with each increasing
locomotion group, cognitive development significantly increased compared to the group(s)
below them (p < 0.001; Table 10.3). For object control, children in both the average and
above average groups had significantly better cognitive development than children in the
below average group (p < 0.001; Table 10.4).

129

Table 10.1 Participants’ characteristics.

Age (months)
BMI (kg/m2)
Cognitive development: Standard score (range 1-19)
Gross motor skills: Gross motor quotient (range 35-165)
- Locomotion standard score (range 1-20)
- Object control standard score (range 1-20)
- Stationary standard score (range 1-20)

Socio-economic status

Gross Motor Quotient

Locomotion

Low (decile 1 – 3)
Middle (decile 4 - 6)
High (decile 7 – 10)
Below average (n, %)
Average (n, %)
Above Average (n, %)
Below average (n, %)
Average (n, %)
Above Average (n, %)

All (n = 335)
mean ± SD
19.80 ± 4.08
17.84 ± 1.69
11.45 ± 3.03
96.41 ± 9.84
8.42 ± 2.21
9.86 ± 2.20
10.11 ± 1.24

Girls (n=155)
mean ± SD
19.69 ± 4.05
17.71 ± 1.75
11.71 ± 3.05
96.30 ± 9.66
8.52 ± 2.20
9.53 ± 2.31
10.23 ± 1.32

Boys (n=180)
mean ± SD
19.89 ± 4.12
17.96 ± 1.63
11.23 ± 3.00
96.50 ± 10.03
8.33 ± 2.21
10.15 ± 2.06
10.02 ± 1.17

n (%)
146 (43.6%)
135 (40.3%)
54 (16.1%)
78 (23.3%)
234 (69.8%)
23 (6.9%)
115 (34.3%)
213 (63.6%)
7 (2.1%)

n (%)
61 (39.4%)
69 (44.5%)
25 (16.1%)
35 (22.6%)
110 (71.0%)
10 (6.4%)
49 (31.6%)
104 (67.1%)
2 (1.3%)

n (%)
85 (47.2%)
66 (36.7%)
29 (16.1%)
43 (23.9%)
124 (68.9)
13 (7.2%)
66 (36.7%)
109 (60.6%)
5 (2.8%)

p-Valuea
0.645
0.179b
0.146
0.455
0.348
0.001
0.295

0.293

0.885

0333c

a

Mann-Whitney test for continuous variables and Chi-square test for categorical variables.
Two-tailed Student’s t-test
c
Chi-square test was performed after collapsing the categories average and above average.
b
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Table 10.1 Participants’ characteristics (continued).

Object Control

Stationary

a
d

Below average (n, %)
Average (n, %)
Above Average (n, %)
Below average (n, %)
Average (n, %)
Above Average (n, %)

All (n = 335)
mean ± SD

Girls (n=155)
mean ± SD

Boys (n=180)
mean ± SD

34 (10.1%)
272 (81.2%)
29 (8.7%)
1 (0.3%)
323 (96.4%)
11 (3.3%)

19 (12.3%)
125 (80.6%)
11 (7.1%)
0
146 (94.2%)
9 (5.8%)

15 (8.3%)
147 (81.7%)
18 (10.0%)
1 (0.6%)
177 (98.3%)
2 (1.1%)

p-Valuea

0.422

-d

Mann-Whitney test for continuous variables and Chi-square test for categorical variables.
Chi-square test was not performed as some categories had less than 5%.
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Table 10.2 Analysis of covariance of cognitive development for the gross motor quotienta.
Cognitive Development
Gross Motor Quotient categories
Below average
Average
Above average

95% CI
Mean
9.897*
11.603*
13.368*

Std. Error
0.387
0.209
0.665

Lower Bound
9.136
11.193
12.057

Upper Bound
10.659
12.014
14.678

a

Analysis were adjusted for age, sex, BMI and socio-economic status.
* p < 0.05 compared to all groups
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Table 10.3 Analysis of covariance of cognitive development for the locomotion subtesta.
Cognitive Development
95% CI

Locomotion categories
Below average
Average
Above average

Mean
10.195*
11.752*
16.114*

Std. Error
0.331
0.225
1.211

Lower Bound
9.543
11.308
13.729

Upper Bound
10.848
12.196
18.499

a

Analysis were adjusted for age, sex, BMI and socio-economic status.
* p < 0.001 compared to all groups
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Table 10.4 Analysis of covariance of cognitive development for the object control subtesta.
Cognitive Development
Object Control categories
Below average
Average
Above average

95% CI
Mean
9.443*
11.430**
12.761**

Std. Error
0.533
0.193
0.619

Lower Bound
8.393
11.050
11.542

Upper Bound
10.493
11.811
13.979

a

Analysis were adjusted for age, sex, BMI and socio-economic status.
* p < 0.001 compared to all groups
** p < 0.001 compared to below average
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Table 10.5 Analysis of covariance of cognitive development for the stationary subtesta, b.
Cognitive Development
95% CI

Stationary categories
Below average or Average
Above average
a
b

Mean
11.274
12.406

Std. Error
0.186
0.963

Lower Bound
10.907
10.510

Upper Bound
11.641
14.301

Analysis were adjusted for age, sex, BMI and socio-economic status.
Analysis was performed after collapsing the categories below average (n=1) and average.
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10.4 Discussion
Gross motor skills and cognitive development are associated in this sample of Australian
toddlers aged 11 to 29 months. Results show significant associations between the GMQ as
well as with two of the subtests (locomotion and object control), and cognitive
development. Since there are no known studies in toddlers (children aged one to 3 years),
results can only be compared to studies conducted in infants (Pereira, Saccani, et al., 2016;
Pereira, Valentini, et al., 2016) and preschoolers (Houwen et al., 2017; Niederer et al.,
2011; Stein et al., 2017). These studies found somewhat similar results to the current study
– i.e. significant associations were reported for either total score or subtests of motor skills
and cognition or executive functions although the strengths of the associations varied from
weak to strong. In young children (~ under the age of four), the association seems stronger
whereas with increasing age associations are more pronounced for specific areas of either
motor or cognitive development (van der Fels et al., 2015). This also raises a
methodological issue as comparing results is difficult due to the different assessment tools
used across studies. This is the case for both the assessment of gross motor skills
(e.g. different performance criteria, process versus product-oriented assessments) as well
as cognition (e.g. parent-reported, the use of different executive function subtests vs overall
cognitive test). Especially for cognitive development, there is a limitation around
measurement tools in toddlers, since none of these measure different aspects of cognition
(e.g. executive functions such as working memory, inhibition and shifting). This makes it
impossible to examine associations with different areas of cognitive development and could
be an explanation for the differences in results across ages.

The cognitive assessment used in this study provided one outcome measure for cognition
that only allowed us to examine differences in associations per gross motor skills subtest.

136

The two studies conducted in infants (ages three to 16 months) (Pereira, Saccani, et al.,
2016; Pereira, Valentini, et al., 2016) used an earlier version of BSID-II compared to this
study to assess cognition but used a different motor skills measurement, the Alberta Infant
Motor Scale (AIMS). This scale is administered by observation of spontaneous activity and
targets infants zero to 18 months. The studies conducted in preschoolers used agility and
dynamic balance as a measure of motor skills (Niederer et al., 2011; Stein et al., 2017) or a
parent questionnaire to assess executive functions (Houwen et al., 2017). A direct
comparison across studies is therefore difficult.

There are several explanations for the association between gross motor skill development
and cognition. First, behavioral research has shown that both developmental domains
follow a similar developmental timetable with the early years being the most important and
showing the most rapid development (Gabbard, 2008; Gale et al., 2004; Shonkoff &
Phillips, 2000; Wrotniak et al., 2006). Brain research also supports the association.
Diamond (2000; 2007) discusses the co-activation of certain brain areas during the
performance of both motor and cognitive tasks (Diamond, 2000; 2007). Motor action
mainly activates the cerebellum, which is also co-activated during cognitive action.
Similarly, cognitive action activates the prefrontal cortex, which is also co-activated during
motor action. The same areas in the brain can therefore be activated in different situations
with different task requirements regardless of the predetermined functional areas in the
primary cortex (Diamond, 2000). Koziol et al. (2011) posit that the brain evolved for the
control of action and not specifically for the development of cognition (Koziol, Budding,
& Chidekel, 2012). They describe how movement requires anticipatory control and thereby
links movement and executive function, as executive function is described as an extension
of the motor control system (Koziol et al., 2012). More brain research is needed in this area
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as there is little known about the neural basis underlying the development of functional
motor control as well as cognition and how these are connected. Nishiyori et al. (2016)
examined hemodynamic activity of the primary motor cortex in infants (six and 12 months)
during reaching for an object and stepping with support on a treadmill (Nishiyori, Bisconti,
Meehan, & Ulrich, 2016). They used functional near-infrared spectroscopy (fNIRS) and
results suggest the area of activity during motor tasks narrows and becomes more specific
with increasing goal-directed activity. Future research should extend the tasks, ages of
observation and areas of the brain investigated in order to answer the question on the
relationship between motor and cognitive development from a neurological perspective.

There was no association between stationary skills and cognitive development in this young
sample of Australian toddlers. This can be explained by the low variability between
stationary skill scores. The items of the stationary subtest of the PDMS-2 cover wide age
ranges (e.g. three items for children aged 27-48 months) and is therefore less sensitive to
development compared to other subtests.

10.4.1 Strengths and limitations
Strengths of this study include the relative large sample size of toddlers. Also, validated
measurements have been used to assess both gross motor skills and cognition. Limitations
of the study include the cross-sectional design which only allows the examination of
associations.

10.4.2 Future research
For future studies it would be interesting to longitudinally examine the relationship between
gross motor skills and cognitive development in the early years and investigate how this
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relationship changes with age. So far, cross-sectional studies have been conducted in
different age groups but none of the studies have tracked children over multiple years
during the first years of life. Furthermore, examining the factors that have an influence on
this relationship at each point in time would increase understanding of a child’s
development and help identify children who are at-risk of developmental delay throughout
childhood. Given the outcomes, it would be interesting to examine interventions targeting
cognition through the promotion of gross motor skills.

10.5 Conclusions
To our knowledge this is the first study to examine the association between gross motor
skills and cognition in toddlers. Results from the current study and the studies discussed
implicate early promotion of gross motor skill development might be important for
cognitive development during childhood. These data will add to the understanding of a
child’s development, the influence of gross motor skills on cognitive development, and
reinforces the importance of early commencement of gross motor skill promotion.
However, additional studies are needed, as evidence remains limited in this area.
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Chapter 11
Gross motor skills in toddlers: prevalence and sociodemographic differences

This chapter has been submitted as: Veldman, S.L.C., Jones, R.A., Santos, R., Sousa-Sá,

E. & Okely A.D. “Gross motor skills in toddlers: prevalence and socio-demographic
differences.” Journal of Science and Medicine in Sports (Revisions under review).

11.1 Introduction
Gross motor skills are a vital component of a child’s development (Payne & Isaacs, 2011).
Gross motor skills involve movements using the large muscles in the body and can be
divided into locomotor skills, object control skills, and stability skills. Locomotor skills are
movements that transport the body through space (e.g. run, jump and gallop), object control
skills are movements that control and manipulate an object through space (e.g. kick, throw
and catch), and stability skills (stationary) involve the ability to sense and adjust to shifts
in the relationship between body parts that alter one’s balance (Payne & Isaacs, 2011).

Models on motor development have emphasized the importance of GMS competence
during childhood to reach advanced motor behavior for specialized movements and sports
throughout life (Clark & Metcalfe, 2002; Seefeldt, 1980). The cognitive developmental
theory by Piaget (1953) also emphasized the importance of movement for increased
cognitive development in especially the early years of life (Piaget & Cook, 1952). Research
has shown that poor GMS competency has been associated with lower levels of physical
activity (Logan et al., 2015; Lubans et al., 2010), reduced cognitive abilities (van der Fels
et al., 2015), unhealthy weight status (Lubans et al., 2010) and lower cardio respiratory
fitness (Lubans et al., 2010). In order to develop gross motor skills, appropriate learning
opportunities and practice, specific instruction, encouragement, and feedback are required
as these skills do not develop naturally (Payne & Isaacs, 2011; Veldman et al., 2016).

Levels of GMS competence in children have decreased over recent decades (Bardid et al.,
2016; Hardy, King, Farrell, et al., 2010; Hardy et al., 2012), which is concerning given the
number of unfavorable health and developmental outcomes associated with poor GMS
competency. It is therefore important to examine and monitor levels of GMS and associated
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correlates in children, to ensure appropriate strategies are put in place to prevent further
decreases and promote GMS development.

To date, few studies have examined levels and correlates of GMS in young children (<5
years) (Bardid et al., 2016; Hardy, King, Farrell, et al., 2010; Saraiva et al., 2013; Tripathi
et al., 2008). An Australian study assessed gross motor skills in 330 children across 60
preschools (mean age = 4.4 ± 0.4 years; 52% boys) (Hardy, King, Farrell, et al., 2010).
Results revealed almost 75% of the children mastered the run, but skill mastery was lower
for other skills: gallop (31%), hop (25%), jump (22%), strike (14%), catch (20%), kick
(35%), and throw (16%). In India, motor development scores reported among 300 children
aged between birth and 60 months revealed ‘average’ scores for the stationary, locomotion
and object control subtest compared to the US norms (Tripathi et al., 2008). In Portugal,
540 children aged 36-71 months were assessed (Saraiva et al., 2013). Portuguese
preschoolers performed above US norms on the stationary subtests, and below US norms
on the locomotion and object control subtests. Studies in children (aged 3-12 years) show
that GMS levels differ by sex and type of skills. Generally, boys perform better at object
control skills than girls (Barnett, Lai, et al., 2016; Iivonen & Sääkslahti, 2013), whereas
findings are equivocal for locomotor skills (Barnett, Lai, et al., 2016; Hardy, King, Farrell,
et al., 2010; Iivonen & Sääkslahti, 2013). Regarding balance skills, girls tend to outperform
boys (Iivonen & Sääkslahti, 2013). Other correlates identified in systematic reviews include
age (increasing) (Barnett, Lai, et al., 2016; Iivonen & Sääkslahti, 2013), physical activity
(more) (Barnett, Lai, et al., 2016; Iivonen & Sääkslahti, 2013), weight status (healthy)
(Barnett, Lai, et al., 2016), pre-school based programs (presence) (Iivonen & Sääkslahti,
2013), and socio-economic status (higher) (Barnett, Lai, et al., 2016).
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Promoting GMS in young children, e.g. toddlers, might be an important avenue to target
poor GMS competence and promote healthy developmental trajectories for life. In these
early years of life, the brain and central nervous system grow rapidly as new connections
or synapses between cells are formed (Shonkoff & Phillips, 2000). This makes these years
critical for a child’s overall as well as motor development (Gabbard, 2008; Gale et al.,
2004). Early commencement of interventions to promote GMS has also been recommended
in systematic reviews on GMS interventions (Veldman et al., 2016) and a previous pilot
study has shown that interventions aimed at enhancing GMS development in toddlers can
be effective, feasible and acceptable (Veldman, Okely, & Jones, 2015). However, to design
optimal and appropriate intervention programs, more information about GMS levels and
correlates among toddlers is needed to identify those at most need of further intervention
and how to intervene.

The aims of the current study were to describe the current level of GMS of Australian
toddlers aged 11 to 29 months and to describe how these levels differ by age, sex, BMI and
socioeconomic status.

11.2 Methods
This cross-sectional study was conducted concurrently with baseline data collection of the
Get Up! Study. This was a 12-month two-arm parallel group cluster randomized controlled
trial evaluating the effects of reduced sitting time on toddlers’ cognitive development
(Santos et al., 2016).
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11.2.1 Participants
Children were recruited from early childhood education and care services across New
South Wales, Australia. Information on selection procedures and eligibility criteria for the
early childhood education and care services and participants are described elsewhere
(Santos et al., 2016). Data collectors participated in a two-day training involving
instructions and practice sessions regarding the measurements. Prior to data collection,
written informed consent was obtained from the participant’s parents or caretakers. The
study was approved by the Human Research Ethics Committee of the University of
Wollongong, Australia (HE15/236) and was registered in the Australian New Zealand
Clinical

Trials

Registry:

ACTRN12616000471482,

11/04/2016

(retrospectively

registered).

11.2.2 Gross motor skills
Gross motor skills were assessed using the gross motor skill subtest of the PDMS-2 (Folio
& Fewell, 2000). This assessment tool has been validated in children aged zero through
five years and consists of three subtests: stationary, locomotion and object control. While
performing the item, children were assessed on their performance according to the scoring
options provided (i.e., “2 – The child performs the item according to the criteria specified
for mastery”, “1 – The child’s performance shows a clear resemblance to the item mastery
criteria but does not fully meet the criteria”, or “0 – The child cannot or will not attempt to
perform the item, or the attempt does not show that the skill is emerging”). Per item,
children had three trials to receive a score of ‘2’. The entry point of the test was determined
by the child’s age and the child receiving a score of ‘2’ on the first three items. If a child
was not able to meet these requirements, the test was administered backwards until the

144

child reached three consecutive ‘2’ scores. The assessment finished when a child received
a score of ‘0’ on three consecutive items.

The total amount of points accumulated on a subtest (raw score) was converted into a
standard score using the examiner’s manual (Folio & Fewell, 2000). Standard scores were
labelled ‘Very superior’, ‘Superior’, ‘Above average’, ‘Average’, ‘Below average’, ‘Poor’
and ‘Very poor’. The GMQ was derived from the standard scores. The GMQ and standards
scores were used for analysis. Due to small numbers, children labelled ‘Very superior’,
‘Superior’ and ‘Above average’ were grouped as ‘Above average’ and children labelled
‘Below average’, ‘Poor’ and ‘Very poor’ were grouped as ‘Below average’ for analysis.

11.2.3 Weight status
Standardized procedures were used to measure height and weight. The child was lightly
dressed while heavy coats, pocket items, shoes and diapers were removed. Body Mass
Index (BMI; weight (kg)/height (m2)) was calculated using height and weight measures.
More detail on the assessment procedures has been published elsewhere (Santos et al.,
2016).

11.2.4 Demographics
Information on the child’s date of birth, sex and socio-economic status was collected via
parent questionnaires. Socio-economic status was determined based on the SEIFA Index,
mother’s education, mother’s employment and family income. The SEIFA Index was
developed by the Australian Bureau of Statistics and ranks areas according to relative socioeconomic disadvantage. This index ranges from 1; most disadvantaged, to 10; least
disadvantaged, is based on the postcode and was categorized as low (decile 1-3), middle
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(decile 4-6) and high (decile 7-10). Mother’s education was categorized as no schooling/did
not complete primary school, primary school or equivalent, Year 10 or equivalent, Year 12
or equivalent, trade/apprenticeship/certificate, university degree, and post-graduate
qualification. For the purpose of analyses, the groups ‘no schooling/did not complete
primary school’, ‘primary school or equivalent’ and ‘Year 10 or equivalent’ were combined
given the low numbers in those groups. Mother’s employment was categorized as full-time
employment, part-time employment and unemployed. Family income was categorized as
one parent earning <A$580/week, both parents earning <A$580/week each, one parent
earning <A$580/week and one parent earning A$580-A$1240/week, both parents earning
A$580-A$1240/week or one parent earning <A$580 and the other parent earning >A$1240,
one parent earning A$580-A$1240/week and other parent earning >A$1240, and both
parents earning >A$1240/week.

11.2.5 Data analysis
SPSS version 21 (IBMCorp, 2012) and Stata version 13 (StataCorp, 2015) were used for
data analyses. Descriptive analyses were presented as mean ± standard deviation (SD) and
percentages. Sex differences were examined using Mann-Whitney and two-tailed student’s
t-tests for not normally and normally distributed continuous variables, respectively. Chisquare tests were conducted for categorical variables. Given the rapid development of
children at this young age and the age range of 1.5 years, gross motor skills were also
examined separately for children below and above 20 months (corresponds to mean and
median for age). A one-way ANOVA with post-hoc Bonferroni analysis was conducted to
examine differences between the four subgroups: girls and boys below 20 months, and girls
and boys above 20 months.
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The associations between socio-demographic factors and gross motor skills were
investigated using linear regression procedures accounting for clustering of early childhood
education and care services. All selected variables were independently entered into linear
regression models to investigate associations with gross motor skills. These models were
then adjusted for sex and age. The significance level for all tests was set at p < 0.05.

11.3 Results
In total, 335 children aged 11 to 29 months (mean age = 19.80 ± 4.08 months, 53.7% boys)
completed all gross motor skills measures and were therefore included in this study.

The prevalence of gross motor skills and descriptive statistics are reported in Table 11.1.
Results showed that 23.3% of the children scored below average, 69.8% of the children
scored average and 6.9% of the children scored above average for the GMQ. For the
different subtests, the number of children scoring below average was 34.3% for locomotion
and 10.1% for object control. Only one child performed below average on the stationary
subtest (0.3%).
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Table 11.1 Participants’ characteristics.

Age (months)
Height (cm)
Weight (kg)
BMI (kg/m2)
Gross Motor quotient
Locomotion Raw score (range 0 - 178)
Locomotion Standard Score (range 1 -20)
Object Control Raw score (range 0 - 48)
Object Control Standard Score (range 1 -20)
Stationary Raw score (range 0 - 60)
Stationary Standard Score (range 1 -20)
a
b

All (n = 335)
mean ± SD
19.80 ± 4.08
82.36 ± 5.27
12.10 ± 1.58
17.84 ± 1.69
96.41 ± 9.84
88.58 ± 11.87
8.42 ± 2.21
14.30 ± 5.90
9.86 ± 2.20
38.84 ± 1.89
10.12 ± 1.24

Girls (n=155)
mean ± SD
19.69 ± 4.05
81.40 ± 5.53
11.72 ± 1.59
17.71 ± 1.75
96.30 ± 9.66
88.32 ± 12.88
8.52 ± 2.20
13.32 ± 6.11
9.53 ± 2.31
38.97 ± 2.18
10.23 ± 1.32

Boys (n=180)
mean ± SD
19.89 ± 4.12
83.19 ± 4.90
12.42 ± 1.50
17.96 ± 1.63
96.50 ± 10.03
88.81 ± 10.97
8.33 ± 2.21
15.14 ± 5.60
10.15 ± 2.06
38.73 ± 1.59
10.02 ± 1.17

p-Valuea
0.645
0.002b
0.000 b
0.179 b
0.455
0.483
0.348
0.003
0.001
0.757
0.295

Two-tailed Student’s t-test for continuous variables and Chi-square test for categorical variables.
Mann Whitney test.
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Table 11.1 Participants’ characteristics (continued).

Gross motor skills
(n = 335)
Locomotion
(n = 335)
Object Control
(n = 335)
Stationary
(n = 335)
SEIFA indexd
(n=335)

Below average
Average
Above Average
Below average
Average
Above Average
Below average
Average (n, %)
Above Average
Below average
Average
Above Average
Low (decile 1 – 3)
Middle (decile 4 - 6)
High (decile 7 – 10)

n (%)

n (%)

n (%)

78 (23.3%)
234 (69.8%)
23 (6.9%)
115 (34.3%)
213 (63.6%)
7 (2.1%)
34 (10.1%)
272 (81.2%)
29 (8.7%)
1 (0.3%)
323 (96.4%)
11 (3.3%)
146 (43.6%)
135 (40.3%)
54 (16.1%)

35 (22.6%)
110 (71.0%)
10 (6.5%)
49 (31.6%)
104 (67.1%)
2 (1.3%)
19 (12.3%)
125 (80.6%)
11 (7.1%)
0
146 (94.2%)
9 (5.8%)
61 (39.4%)
69 (44.5%)
25 (16.1%)

43 (23.9%)
124 (68.9)
13 (7.2%)
66 (36.7%)
109 (60.6%)
5 (2.8%)
15 (8.3%)
147 (81.7%)
18 (10.0%)
1 (0.6%)
177 (98.3%)
2 (1.1%)
85 (47.2%)
66 (36.7%)
29 (16.1%)

p-Valuea

0.885

0.333c

0.422

-

0.293

a

Two-tailed Student’s t-test for continuous variables and Chi-square test for categorical variables.
Mann Whitney test.
c
Chi-square test was performed after collapsing the categories average and above average.
d
SEIFA Index: Australian Socio-Economic Index for Areas
b
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Table 11.1: Participants’ characteristics (continued).

Mothers’ Education
(n=230)

Primary school or Year 10 or equivalent
Year 12 or equivalent
Trade/apprenticeship/certificate
University degree
Post-graduate qualification
Mothers’ Employment Full-time
(n=231)
Part-time
Unemployed
e
Family Income
1 or 2 (low)
(n=198)
3
4
5
6 (high)

n (%)

n (%)

n (%)

23 (10.0%)
37 (16.1%)
79 (34.3%)
59 (25.7%)
32 (13.9%)
92 (39.8%)
118 (51.1%)
21 (9.1%)
10 (5.1%)
41 (20.7%)
90 (45.5%)
42 (21.2%)
15 (7.6%)

14 (9.0%)
17 (11.0%)
43 (27.7%)
24 (15.5%)
17 (11.0%)
46 (40.0%)
59 (51.3%)
10 (8.37%)
7 (7.1%)
22 (22.2%)
44 (44.4%)
17 (17.2%)
9 (9.1%)

9 (5.0%)
20 (11.0%)
36 (19.9%)
36 (19.3%)
15 (8.3%)
46 (39.7%)
59 (50.9%)
11 (9.5%)
3 (3.0%)
19 (19.2%)
46 (46.5%)
25 (25.3%)
6 (6.1%)

p-Valuea

0.389

0.979

0.408

a

Two-tailed Student’s t-test for continuous variables and Chi-square test for categorical variables.
Mann Whitney test.
c
Chi-square test was performed after collapsing the categories average and above average.
d
SEIFA Index: Australian Socio-Economic Index for Areas
e
Categories Family Income: 1 – one parent <A$580/week; 2 - both parents <A$580/week each; 3 - one parent <A$580/week and other
between A$580 and A$1240/week; 4 - both parents between A$580 and A$1240/week OR one parent <A$580 and other >A$1240; 5 - one
parent between A$580 and A$1240/week and other parent >A$1240; 6 - both parents >A$1240/week
b
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Data on socio-economic variables were collected in 59%-100% of participants depending
on the individual variable from the parent questionnaire. For mother’s education, 10.0%
reported a highest education of Primary school, Year 10 or equivalent; while 16.1%
reported a highest education level of Year 12 or equivalent. Regarding mothers’
employment status, 9.1% reported to be unemployed. Family income was reported to be
below $580/week in 5.1% of the families.

Table 11.2 and Figure 11.1 report the prevalence of gross motor skills for boys and girls
separately by age. Boys performed significantly better than girls in object control, both
below and above 20 months (p < 0.05). Results of the ANOVA revealed differences
between groups for locomotion (F (3,331) = 9.473, p < 0.001) and object control (F (3,331) =
2.818, p = 0.39). Post-hoc analysis revealed significant differences for locomotion, where
girls below 20 months scored better than boys above 20 months (MD = 1.346; d = 0.324;
p < 0.001), and boys below 20 months scored better than both boys and girls above 20
months (MD = 0.682; d = 0.211; p < 0.05 and MD = 0.876; d = 0.391; p < 0.05 respectively).
For object control skills, boys below 20 months scored better than girls above 20 months
(MD = 0.898; d = 0.216; p < 0.05).

Socio-demographic factors associated with gross motor skills are reported in Table 11.3.
After adjusting for sex, gross motor skills were negatively associated with age. Gross motor
skills were also negatively associated with socio-economic status (SEIFA index; p < 0.05)
and mother’s education (p < 0.05) after adjusting for age and sex.
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Table 11.2 Prevalence of gross motor skill development by age.
Variable

Gross Motor skills

Gross Motor Quotient

Age <20 months (n = 178)
Age >20 months (n = 157)
a
p-Value Girls
p-Valuea
Girls
Boys
Boys
(n = 81)
(n = 97)
(n = 74)
(n = 83)
96.91 ± 8.34 98.26 ± 11.02 0.057
95.62 ± 10.93 94.45 ± 8.34 0.503

(range 35-165)
Locomotion

Object Control

Stability

a

Raw score (range 0 - 178)

79.91 ± 8.60

82.05 ± 8.13

0.083

97.51 ± 10.24

96.70 ± 8.25

0.899

Standard Score (range 1 -20)

8.84 ± 1.97

9.05 ± 2.15

0.727

8.18 ± 2.40

7.49 ± 1.99

0.087

Raw score (range 0 - 48)

9.89 ± 5.27

11.69 ± 4.58

0.003

17.08 ± 4.58

19.17 ± 3.67

0.001

Standard Score (range 1 -20)

9.62 ± 2.34

10.33 ± 2.25

0.003

9.43 ± 2.29

9.94 ± 1.80

0.196

Raw score (range 0 - 60)

37.91 ± 0.74

37.98 ± 1.14

0.551

40.14 ± 2.61

39.61 ± 1.61

0.641

Standard Score (range 1 -20)

10.11 ± 0.76

10.06 ± 1.04

0.745

10.35 ± 1.73

9.98 ± 1.31

0.269

Mann-Whitney Test
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Average Standard Score

14

12

Girls, <20 Months (n = 81)

10

Boys, <20 Months (n = 97)
Girls, >20 Months (n = 74)

8

Boys, >20 Months (n = 83)

6

p < 0.001

4

p < 0.05
p < 0.05

2
0

Locomotion
(Range 1-19)

Object Control
(Range 1-19)

Stationary
(Range 1-19)

p < 0.05

Figure 11.1 Locomotion, object control and stationary subtest standard scored by sex and age.
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Table 11.3 Socio-demographic factors associated with gross motor skill development (GMQ).
Variable
Age
Sex
BMI
SEIFA Index

Mothers’ Education

Mothers’
Employment
a
b

Adjusted Modelsa

Unadjusted Models

Girls (reference)
Boys
Low (reference)
Middle
High
Primary school or Year 10 or equivalent (reference)
Year 12 or equivalent
Trade/apprenticeship/certificate
University degree
Post-graduate qualification
Employed full-time (reference)
Employed part-time
Not employed

B
-0.502

SE B
0.134

p-Value
0.001

B
-

SE B
-

p-Value
-

0.068
0.415

1.000
0.322

0.946
0.208

0.179
0.061

0.993
0.289

0.858b
0.834

-2.334
-3.825

1.294
1.587

0.082
0.023

-2.763 1.227
-3.967 1.595

0.032
0.019

-5.213
-3.069
-4.229
-4.567

2.537
2.159
2.079
2.509

0.049
0.166
0.051
0.079

-5.216
-3.298
-4.170
-4.775

2.501
2.154
2.028
2.655

0.046
0.137
0.049
0.083

-2.878
-2.465

1.280
2.152

0.033
0.262

-2.575 1.301
-1.785 2.161

0.058
0.416

Adjusted for sex and age
Only adjusted for age.
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Table 11.3 Socio-demographic factors associated with gross motor skill development (GMQ) (continued).
Variable
Family Incomec

Adjusted Modelsa

Unadjusted Models
1 and 2 (low) (reference)
3
4
5
6 (high)

B

SE B

p-Value

B

SE B

p-Value

-1.068
-0.700
-0.514
-3.533

3.469
2.684
2.977
2.741

0.761
0.796
0.864
0.354

-0.781
-0.935
-0.176
-2.775

3.299
2.578
2.849
3.493

0.815
0.720
0.951
0.434

a

Adjusted for sex and age
Only adjusted for age.
c
Categories Family Income: 1 – one parent < 580 $/week, 2 - both parents < 580 $/week each, 3 - one parent < 580 $/week and other > 580
$/week, 4 - both parents between 580 $ and 1240 $/week OR one parent < 580$ and other > 1240 $, 5 - one parent between 580 $ and 1240
$/week and other parent >1240 $, 6 - both parents > 1240 $/week
b
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11.4 Discussion
The presented results show that gross motor skill development is below average in almost a
quarter of the children assessed (23.3%). A comparable study in India among 121 toddlers
(12-33 months) (Tripathi et al., 2008) showed similar results with only a small difference in
locomotion (5% difference) in favor of the Indian sample. When comparing results to a
Portuguese sample of 162 children (aged three years) (Saraiva et al., 2013), the current sample
scored lower on all subtests of the PDMS-2. Results can also be compared to the US norm
sample. The percentage of children scoring below average on the GMQ (23.3%) is comparable
as ‘below average’ was set at the 25th percentile. Results from the locomotor subtest showed
more children scored below average compared to the US norm sample (34.3%), whereas less
children scored below average for object control (10.1%) and stationary skills (0.3%).
Comparing the number of children who scored ‘average’ to the US norm sample (50%), this
number is higher for the GMQ (69.8%) and the different subtests (ranging from 63.6% to
96.4%). The number of children scoring ‘above average’ (ranging from 2.1% to 8.7%) is lower
compared to the US norm sample (25%).

Research has shown several factors have an influence on GMS and might therefore explain
differences in results between studies. Child characteristics such as sex and age seem to play
an important role in GMS (Barnett, Lai, et al., 2016; Iivonen & Sääkslahti, 2013) and
aforementioned studies were conducted in slightly different age groups and sex distributions.
Other child characteristics include intrinsic motivation and cognitive development (Payne &
Isaacs, 2011; Piaget & Cook, 1952), and the physical readiness of a child to move and develop
GMS (Payne & Isaacs, 2011). Family-related characteristics that could have an influence on
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GMS include a higher socio-economic status, cultural background and parental physical
activity participation, and environmental factors potentially influencing GMS include ECECrelated factors (e.g. well-developed curricula) as these have a positive influence on GMS
(Cools et al., 2011; Iivonen & Sääkslahti, 2013). As these factors were not assessed or reported
in the current study or the other studies, no conclusions could be drawn regarding their
influence on GMS. These factors need to be examined in more detail in further studies.
Additionally, methodological differences such as sample size (e.g. 335 children in the current
study vs 121 in Indian study) may explain differences in results.

Within the current sample, boys scored significantly higher than girls in the object control
skills. This trend is also seen in preschoolers (Bardid et al., 2016; Goodway et al., 2010; Hardy,
King, Farrell, et al., 2010), showing sex differences are consistently present in young children.
For locomotion, several differences were found between different sex and age groups. Young
girls scored better than older boys and young boys scored better than both older boys and girls.
This is line with previous research showing mixed results as some studies showed results in
favor of girls (Hardy, King, Farrell, et al., 2010; Hardy et al., 2012), while others found no sex
differences (Bardid et al., 2016; Goodway et al., 2010; Saraiva, Rodrigues, Cordovil, &
Barreiros, 2013). Sex differences in gross motor development in young children are likely to
be associated with social and environmental influences, such as family, peers and teachers, and
cultural background rather than biological or physiological factors (Thomas & French, 1985).
Therefore, it is important that parents, early childhood education and care educators and policy
makers are aware of these differences to ensure that girls are provided with the most
appropriate gross motor skill opportunities, instruction and feedback with the aim of fostering
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skill development. Additionally, sufficient opportunities should be provided to boys with high
object control skills to ensure continuous skill development.

Age was negatively associated with the GMQ, meaning that with increasing age children
scored lower. A similar result was seen examining sex and age differences for different
subtests. For locomotion, younger children (<20 months) scored better than older children
(>20 months). For object control, younger boys scored better than older girls. Children increase
their raw scores over time (see Table 11.2), however, standardized scores (age- and sexadjusted scores) are lower for the older age group. This reinforces the need for early
intervention to prevent children from being at risk of developmental delay and to promote
healthy developmental trajectories. Most previous studies used raw scores to examine age
effects on gross motor skills (Barnett, Lai, et al., 2016; Saraiva et al., 2013). Raw scores have
a larger range compared to standardized scores, making them more sensitive to change and
therefore commonly used in intervention studies (Wick et al., 2017). However, the use of
standardized scores is important for comparing differences in the prevalence by age and sex.

Children with a low SEIFA Index scored higher than children with a middle or high SEIFA
Index. This is in contrast with the literature suggesting childhood poverty and a lower socioeconomic status have a negative influence on overall child development and gross motor skills
(Iivonen & Sääkslahti, 2013; McPhillips & Jordan-Black, 2007). A potential explanation
includes more free play opportunities for children with a low SEIFA Index which can lead to
some skill enhancement even though actual teaching is needed for skill mastery (Veldman et
al., 2016). Other potential explanations include the distribution between socio-economic status
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(SEIFA Index) groups or the fact that this generalized index, based on postcode of residence,
is perhaps not sensitive enough as individual or preschool-related factors are not considered.
More research will be needed to confirm a relationship between socio-economic status and
gross motor skills in toddlers.

A mother’s higher education was negatively associated with gross motor skills; however, this
was only significant in half of the categories. Previous studies have found mixed results (Cools
et al., 2011; Koutra et al., 2012). No significant associations between mother’s education and
gross motor skills have been seen in children aged 18 months (Koutra et al., 2012), whereas
they are present in children aged four to six years (Cools et al., 2011). These results imply that
this association might be influenced by the child’s age which is consistent with a longitudinal
study on correlates of poor development in preschoolers (To, Cadarette, & Liu, 2001).

11.4.1 Strengths and limitations
Strengths of this study include the young age of participants, the relative large sample size and
the use of a validated GMS assessment. A limitation of this study is the use of US norms in
Australian toddlers, which means that our results should be carefully interpreted due to cultural
influences. There are currently no Australian norms available. Limitations regarding the
methodology include the cross-sectional design of the study which precludes causality, the
selection of variables to associate with GMS and the lack of inter- and intra-rater reliability
assessments. Additionally, our sample is not representative of Australian toddlers and therefore
our results are not generalizable beyond the population from which they were sampled.

159

11.4.2 Future research
Future studies should include longitudinal designs to track children over time and identify at
what age developmental delay in gross motor skills may occur among children. Research needs
to examine and identity what factors (including parental/family and environmental factors)
explain the decrease in GMS levels to identify where and how to potentially intervene.
Interventions to promote GMS are advised to commence early with a special focus on
locomotion, as well as on girls’ object control skills. Additionally, country- and culturalspecific norms for GMS assessments should be developed to increase accurateness of
outcomes.

11.5 Conclusions
In this sample of Australian toddlers, the levels of GMS are associated with age and socioeconomic status. To our knowledge, this was the first study to examine the prevalence of GMS
in Australian toddlers and one of the first internationally. The study reinforces the importance
and need for early commencement of GMS promotion with a focus on locomotor skills and
object control skills for girls. This in turn can prevent children from being behind in their GMS
development when entering school and promotes a positive developmental trajectory.
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Chapter 12
General discussion

The aim of this Doctoral research was to address some of the gaps in the evidence-based
literature on gross motor skill development in the early years of life, specifically in children
under the age of five years. This Doctoral thesis included six papers from four different studies
addressing the gap in the literature on young children, with the main study specifically
addressing the gap in the literature in children under the age of three years. Chapter 3
highlighted the need for targeted interventions to prevent gross motor delay in specific
populations of children. Chapter 5 described the findings from an updated systematic review
on gross motor skill interventions. Relatively few gross motor skill interventions have been
evaluated in recent years, hence the need for further interventions. Chapter 7 described the
outcomes of an object control skills intervention for young girls. Chapters 9, 10 and 11
contributed to the evidence-based literature on gross motor skill research conducted in children
under the age of three years.

The current Chapter provides a discussion for this Doctoral thesis as a whole. It provides a
summary of the main findings, answers the research questions introduced in Chapter 1, and
explains how these findings contribute to the current literature. The strengths and limitations
of this Doctoral research will be discussed, as well as implications for future research. An
overall conclusion is also provided.
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12.1 Overall discussion
12.1.1 Study 1 – Prevalence and risk factors of gross motor delay in preschoolers from lowincome communities
The study described in Chapter 3 screened for gross motor delay using the ASQ in children
from low-income communities in Australia. It additionally investigated the presence of
selected socio-demographic risk factors and their associations with gross motor delay. The
results from this cross-sectional study showed that 15.4% of the 702 children screened were
delayed or at-risk of delay in gross motor skill development. Factors that were identified as
being associated with the likelihood of being delayed or at-risk of gross motor delay include
being a boy, being of Australian Aboriginal descent, being underweight, having a lower family
income and parental unemployment.

This study showed that preschoolers from low-income communities in Australia, especially
boys, Australian Aboriginal children, and underweight children, have a higher risk of gross
motor delay. This is one of the first studies to collect data on gross motor delay in low-income
and regional and remote communities with a high proportion of Australian Indigenous
children. Results showed the prevalence of gross motor delay or being at-risk of gross motor
delay in the studied population is higher than results found in other studies examining the
prevalence of gross motor delay (Ghazavi et al., 2015; Sajedi et al., 2014; Troude et al., 2011;
Valla et al., 2015; Yaghini et al., 2015). It is therefore recommended to implement early
screening programs for gross motor delay in socially disadvantaged and low-income
communities in Australia. Communities with a high proportion of Aboriginal children will
benefit greatly as this will enable the possibility for early identification and thereby closing the
gap between Aboriginal and non-Aboriginal children prior to school entry. Providing adequate
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resources to support the development of gross motor skills among Aboriginal children should
be guided by the community and be culturally appropriate.

12.1.2 Study 2 – Efficacy of gross motor skill interventions in young children: an updated
systematic review
The study described in Chapter 5 examined the efficacy of gross motor skill interventions in
children aged birth to five years. This systematic review updated a previously published
systematic review by Riethmuller et al. (2009) on the efficacy of gross motor skill interventions
in young children (Riethmuller et al., 2009).

The updated review included seven studies published between July 2007 and January 2015.
Significant intervention effects were reported in six of these studies. Compared to the original
review, the quality of studies has improved. Given the relatively small number of studies
conducted over an eight-year period, further high quality studies using evidence-based
interventions are recommended. These studies should clearly describe intervention
components to allow for comparisons across studies and to determine what components
contribute to the efficacy and effectiveness of an intervention. Additionally, the review
suggested that professional development for educators in the area of gross motor skills and
parental involvement in interventions may be beneficial in promoting gross motor skill
development among young children.
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12.1.2.1 New Literature
Since publishing the systematic review in 2016 (Chapter 5) (Veldman et al., 2016), three new
systematic reviews on gross motor skill interventions have been published (Tompsett, Sanders,
Taylor, & Cobley, 2017; Van Capelle, Broderick, van Doorn, R, & Parmenter, 2017; Wick et
al., 2017). Two of these reviews focus on young children (< five years) and will therefore be
further discussed (Van Capelle et al., 2017; Wick et al., 2017).

The systematic review and meta-analysis by Wick et al. (2017) assessed the effects of gross
motor skill interventions on actual gross motor skills, targeting typically developing young
children (Wick et al., 2017). Eligibility criteria included being either clustered or non-clustered
controlled trials or randomized controlled trials, that included children without major health
problems or disabilities between the ages of two and six years enrolled in an early childhood
education and care setting. Requirements for interventions included a minimal duration of four
weeks, the use of a standardized motor skill outcome measure in both the intervention and
control group and the study had to take place in an institutional setting (e.g. childcare, nursery,
preschool). Exclusion criteria were articles not published in English or German, no availability
of the full text article, and trials that enrolled less than 10 children. The search covered articles
published before the end of August 2015.

Thirty articles involving 6126 preschoolers were included in the systematic review and metaanalysis (Wick et al., 2017). There was an equal number of randomized controlled trials and
controlled trials (n = 15). The duration of the interventions ranged from six weeks to 20 months
and frequency varied from once per week to daily sessions. Most studies used the Test of Gross
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Motor Development – 1st edition (TGMD-1) or TGMD-2 to assess gross motor skills (n = 16).
Other measurements used were the Bruininks-Oseretsky Test of Motor Proficiency – Version
2 Short Form (BOT-2SF; n = 2), the Motorik Test for four-to-six-year-old children
(MOT 4-6; n = 2), the PDMS-2, and single items of other gross motor skill test batteries
(n = 8). Results revealed positive effects on overall gross motor skill competence, as well as
locomotor and object control skills in children aged two to six years. These effects resulted in
small-to-large effect sizes following gross motor skill interventions.

Key points of the review included 1) competence in gross motor skills should be trained and
enhanced at an early age, 2) interventions show clear beneficial effects on overall gross motor
skills, locomotion and object control skills in typically developing children aged two to six
years, and 3) more high-quality research with reduced bias is needed.

The systematic review and meta-analysis by Van Capelle et al. (2017) aimed to determine if
gross motor skill-focused interventions improved gross motor skills in pre-school aged
children (Van Capelle et al., 2017). Studies were included if they were a randomized controlled
trial or controlled trial physical activity intervention, had a duration of more than four weeks,
were conducted with preschoolers aged three to five years, and had gross motor skills as an
outcome measure. Exclusion criteria included review papers, non-controlled trials, articles not
published in English, or when the sample consisted of children with disabilities or
developmental delays. The search covered articles published before the end of March 2016.
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Twenty articles met the inclusion criteria and in total 4255 preschoolers were included in
analysis (Van Capelle et al., 2017). Studies were categorized as 1) teacher-led (n = 13; teachers
were trained by a movement specialist to implement the intervention), 2) child-centered
(n = 6; the movement specialist delivered the intervention directly to the children) or 3) parentled (n = 1; parents were trained to implement the intervention with their children). Average
intervention duration, frequency and dose were 21 ± 17 weeks, 3 ± 1 times per week and
35 ± 17 minutes, respectively. Overall, there was a small significant improvement in total gross
motor skills, a moderate significant improvement in locomotor skills, and a large significant
improvement in object control skills. Sub-analysis between teacher-led and child-centered
interventions revealed significant improvements in total gross motor skills, locomotion and
object control skills for teacher-led interventions, but no significant effects for child-centered
interventions. However, the number of child-centered interventions was small and results
should therefore be viewed with caution.

The review concluded that research in this area continues to be limited. However, gross motor
skill interventions can improve gross motor skills (both overall gross motor skills as well as
locomotor and object control subtests). For future studies it is recommended to specify
interventions components, examine more child-centered interventions as the current quantity
is low, and examine structured interventions led by qualified teachers with parental
involvement since this might be a more effective means of improving gross motor skills in
preschool-aged children.
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These reviews can be compared to the systematic review presented in Chapter 5 (Veldman et
al., 2016). All of the included studies in this systematic review were included in the review by
Wick et al. (2017), whereas five of them were included in the review by Van Capelle et al.
(2017). Key points and recommendations for future research from the two recent reviews are
comparable with what has been presented in the systematic review in Chapter 5. Gross motor
skill interventions are effective in improving young children’s gross motor skill competence
and it is recommended for these interventions to commence early in life. However, there still
is a need for more high quality interventions. These interventions are recommended to be
childcare-based involving qualified teachers and the children’s parents. Additionally,
intervention components should be described more transparently in publications in order to
better compare interventions and examine which components are most effective.

12.1.3 Study 3 – Promoting object control skills in preschool-age girls
The study described in Chapter 7 examined the effects of a nine-week object control skill
intervention on preschool-aged girls’ object control skill competence (Veldman, Palmer,
Okely, & Robinson, 2017). The intervention (CHAMP) was a high autonomy, mastery-based
program that has shown to be effective in improving preschool-aged children’s gross motor
skill competence (Robinson & Goodway, 2009; Robinson et al., 2011). A significant positive
effect on girls’ object-control skills compared to the control group (p < 0.001) was recorded
and this was maintained at nine-weeks follow-up (p < 0.001).

This study was the first to examine the effects of an object control skill intervention exclusively
on preschool-aged girls’ object control skill competence. Results are important as literature
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shows levels of object control skill competence are suboptimal in children, especially in
preschoolers (Hardy, King, Farrell, et al., 2010; Robinson et al., 2011), and sex differences are
present in these skills, with boys outperforming girls (Goodway et al., 2010; Spessato et al.,
2012; Vameghi et al., 2013). Additionally, object control skill competence in young children
might be an important predictor of physical activity during adolescence and adulthood
(Barnett, Beurden van, et al., 2008; Barnett et al., 2009). An object control skill intervention
implemented at a young age might therefore be important in targeting physical activity in
adolescent girls and women. This is important as girls are less physically active compared to
boys in both childhood and adolescence (Hallal et al., 2012).

Following this study, it was recommended to examine if girls are able to “catch-up” to boys
following an object control skill intervention. These results will then contribute to a better
understanding of changes in object control skills and can guide researchers in designing and
implementing tailored interventions for young children with a potential specific focus on object
control skills in girls.

12.1.3.1 New literature
A recent study, following the study discussed in Chapter 7, examined the effects of an object
control skill intervention on object control skill competence among preschool-aged boys and
girls (Robinson, Veldman, Palmer, & Okely, 2017). This two-armed randomized controlled
trial used the same high quality, evidence-based CHAMP intervention as that described in
Chapter 7. A total of 124 preschoolers (mean age = 48.1 ± 6.6 months, 46.8% boys) were
included of which 81 children participated in the intervention and 43 children served as a
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control group. The study had an unequal number of participants in the intervention and control
groups due to physical constraints that created child safety concerns for the preschool outdoor
recess/free play space. The intervention was implemented twice a week for nine weeks and
each session lasted for approximately 30 minutes. The control group participated in free
outdoor play sessions without any instructions. Object control skill competence was assessed
at pre-test, post-test and retention test (i.e. nine weeks after the post-test) using the object
control skill subtest of the TGMD-2.

This study showed that preschoolers in the intervention group significantly improved their
object control skills over time, both at post-test (p < 0.001) and retention test (p < .0001; see
Figure 12.1). Results were encouraging as boys and girls learned at a similar rate (made equal
improvements in object control skills) and the CHAMP intervention was equally effective in
teaching object control skills to both sexes. However, girls were unable to “catch-up” to boys
following the CHAMP intervention. This might be explained by boys being already ahead of
girls at pre-test and it was therefore suggested that girls might need additional motor skill
instruction to ‘catch-up’ to boys (Robinson et al., 2017). This study has recently been published
in Medicine & Science in Sports & Exercise and the Doctoral student is a co-author.
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Figure 12.1 Changes in object control skill raw scores over time following participation in
the CHAMP intervention (Robinson et al., 2017).
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Several other intervention studies in young children have recently been published and have not
been included in any of the systematic reviews on gross motor skills interventions discussed
before (see Chapters 4, 5 and the current Chapter). These will be briefly discussed below.

Robinson et al. (2016) examined the efficacy of a five-week gross motor skills intervention,
CHAMP, on gross motor skills and self-regulation (Robinson, Palmer, & Bub, 2016). The
intervention took place in a single Head Start center in the USA and involved 113 preschoolers
aged three to five years (mean age = 51.9 months; 49.5% males). The intervention was
implemented three times per week by two trained instructors in motor development. Each
session was 40 minutes in length. Gross motor skills were assessed using the TGMD-2 and the
Delay of Gratification Snack Task was used to measure self-regulation. Children were assessed
pre- and post-intervention.

Results showed that children in the intervention group significantly improved their gross motor
skills compared to the control group (p < 0.05) and maintained their self-regulation scores
across time, while children in the control group scored significantly lower at the post-test
compared to children in the intervention group (p < 0.05). This efficacy trial showed CHAMP
was effective in improving preschooler’s gross motor skills as well as maintaining their delay
of gratification compared to the control group (Robinson et al., 2016).

Bardid et al. (2017) examined the effectiveness of a 30-week gross motor skill program,
‘Multimove for kids’, in 50 sites involving 992 children aged three to eight years in Belgium
(Bardid et al., 2017). This study was included in the discussion as there is a limited amount of
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studies focusing on or involving young children (e.g. children under the age of five years). The
intervention was implemented by trained local instructors who received a one-day workshop
and ongoing support during implementation of the intervention. The intervention targeted
12 gross motor skills (running, jumping, gliding, climbing, rotating, swinging, pushing and
pulling, lifting and carrying, catching and throwing, kicking, hitting and dribbling) and was
implemented once per week for 60 minutes. Fifteen to 30 minutes was spent on each skill,
resulting in two-to-three skills being practiced each week. Gross motor skills were assessed at
pre- and post-test using the TGMD-2.

Children in the intervention group showed significant improvements in both locomotor skills
(p < 0.001) and object control skills (p < 0.001) compared to the control group. When sex
differences were examined girls showed greater improvements in locomotor skills compared
to boys (p = 0.022), while they showed less improvements in object control skills compared to
boys (p < 0.001). The Multimove study therefore demonstrated efficacy in improving
children’s gross motor skills in a large community-based sample.

Bellows et al. (2017) examined the effects of an 18-week teacher-led physical activity program,
Mighty Moves, on preschoolers’ gross motor skills (Bellows et al., 2017). This study was
conducted in four Head Start centers in the USA and involved 175 children aged three to five
years (mean age = 4.7 years, 47.2 % of boys). Each week the intervention focused on a different
movement skill with additional movement concepts integrated into daily activities.
Information on training provided to educators was not described. Children were assessed at
pre-test, post-test, one-year and two-year follow-up using the Bruininks-Oseretsky Test
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of Motor Proficiency, Second Edition (BOT-2) subtests for balance, running speed and agility
(locomotion skills), upper-limb coordination (object control skills) and strength.

Results showed a significant intervention effect on object control skills at two-year follow-up
compared to the control group (F (6,165) = 20.45, p < 0.001). There were no effects on the other
subtests. The study concluded Mighty Moves is an effective intervention to improve object
control skills long-term in at-risk elementary school children.

Several recommendations made in Chapter 5 and other systematic reviews were taken into
consideration in these recent intervention studies. All three studies were conducted in early
childhood education and care settings and interventions were designed based on theory and
developmental stages of gross motor skills to increase the quality of the intervention. Two
studies trained the local teachers or staff for intervention delivery (Bardid et al., 2017; Bellows
et al., 2017). All studies conducted pre- and post- measurements, however only one study
collected long-term follow-up measurements (one and two years post intervention) (Bellows
et al., 2017). The success of this latter intervention may have been due to the five monthly
‘booster’ activities, facilitated by student research assistants, in the early childhood education
and care settings in order to sustain behavioral changes made during the intervention. None of
these additional studies involved a parental component as recommended in Chapter 5
(Veldman et al., 2016). Furthermore, there was little consistency in the duration and frequency
of the interventions. The efficacy trial completed by Robinson et al (2016) was five weeks in
duration but had a high weekly dose: the intervention was implemented three times per week
for 40 minutes (weekly dose = 120 minutes) (Robinson et al., 2016). Conversely the study with
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the longest duration (30 weeks) only implemented the program once a week for 60 minutes
(Bardid et al., 2017). The third study lasted 18 weeks and implemented the program four times
per week for 15-20 minutes (weekly dose = 60-80 minutes) (Bellows et al., 2017). It is
important for future studies to pay attention to systematic reviews and take their
recommendations into consideration when designing high-quality and evidence-based
interventions.

12.1.4 Study 4 - Gross motor skills in children under the age of three years
The Behavioral Epidemiology Framework underpinned the rationale for the fourth study. To
date there is limited evidence on health- and developmental-related factors such as physical
activity or cognitive development, prevalence and correlates of gross motor skills in this young
age group. The fourth and main study of this Doctoral research aimed to address some of the
research gaps with papers aligning with phase 1 (Chapter 9 and 10) and phase 3 (Chapter 11)
of the Behavioral Epidemiology Framework.

12.1.4.1 Study 4 - Associations between gross motor skills and physical activity in toddlers
The study described in Chapter 9 examined the associations between gross motor skills and
physical activity in children under the age of three (Veldman, Jones, et al., 2017). It also
examined the influence of sex and type of skill (e.g. locomotor skills, object control skills or
stationary skills) on this association. No significant associations between gross motor skills
and total physical activity or MVPA were identified. Similarly, no associations were found
when boys and girls were examined separately. Results did show that boys were more
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competent in object control skills than girls (p < 0.001) and spent more time in total physical
activity (p < 0.01) and MVPA (p < 0.01) compared to girls.

Only two other studies have examined the association between gross motor skills and physical
activity in children below the age of three (Johansson et al., 2015; Wijtzes et al., 2013). Similar
to this study, they also reported null associations. In studies in older children positive
associations have been identified (Holfelder & Schott, 2014; Logan et al., 2015), suggesting
that the relationship between gross motor skills and physical activity develops as age increases.

Even though this study did not report statistically significant results, it was unique in examining
this association in toddlers using a valid gross motor skill assessment tool and allowing for
analysis per subtest. The results contributed to the existing literature by adding information
that was missing in children under the age of three years. The promotion of gross motor skills
is still an important strategy to promote a physically active lifestyle and intervening at a young
age is important to prevent children from getting behind on their peers while differences are
still small and not statistically significant.

12.1.4.2 Study 4 - Associations between gross motor skills and cognitive development in
toddlers
The study described in Chapter 10 examined the associations between gross motor skills and
cognitive development in children under the age of three. The different associations were also
examined by type of skill (e.g. locomotor skills, object control skills or stationary skills).
Significant associations between gross motor skills and cognitive development (p < 0.001) in
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this young sample of Australian toddlers were found. These associations were also
significantly when examining locomotion and object control skills (p < 0.001).

This is the first study to examine the associations between gross motor skills and cognitive
development in toddlers. Results from the current study, in addition to the positive
relationships reported by a previous systematic review on these variables (van der Fels et al.,
2015) and positive findings in infants (Pereira, Saccani, et al., 2016; Pereira, Valentini, et al.,
2016), preschoolers (Houwen et al., 2017; Niederer et al., 2011; Stein et al., 2017) and
longitudinal studies (Murray et al., 2007; Piek et al., 2008; Taanila et al., 2005), reinforce the
importance of early commencement of gross motor skill promotion for cognition throughout
life. Especially at a young age, gross motor skills appear to be highly related to cognitive
development and thus suboptimal gross motor skill development should be prevented by
developing and implementing appropriate strategies in vulnerable populations.

12.1.4.3 Study 4 – Gross motor skills in toddlers: Prevalence and socio-demographic
differences
The study described in Chapter 11 examined the current level of gross motor skill development
of children under the age of three. It additionally described how these levels differed by sex,
age and socioeconomic status. The results from this cross-sectional study showed that 23.3%
of the Australian toddlers in this sample have below average gross motor skill competence. For
the different gross motor skill subtests, 34.3% of the children performed below average on the
locomotor subtest, 10.1% scored below average on the object control subtest and 0.3% scored
below average on the stationary subtest. A significant sex difference was seen for object control
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skills, where boys outperformed girls (p < 0.05). Linear regression analysis revealed there were
significant negative associations between gross motor skills and age, a higher SEIFA Index
and higher mother’s education (all p < 0.05).

This study was unique in examining the prevalence of gross motor skills in Australian toddlers
and additionally examining what factors have an influence on skill development. Results fill
an important gap in the evidence-based literature in this area as monitoring levels of
competence and examining associated socio-demographic factors is important to ensure
appropriate strategies are put in place. Additionally, early commencement of interventions is
recommended as competence gaps and differences can be targeted while they are still small.
A pilot study conducted by Veldman et al. (2015) examined the feasibility, acceptability and
potential efficacy of a gross motor skill program for toddlers (Veldman et al., 2015). This eightweek randomized controlled trial involved 60 toddlers (mean age = 2.5 years) across four early
childhood education and care settings. The intervention was implemented for 10 minutes on a
daily basis and included three gross motor skills. Results showed significant improvements in
gross motor skills in the intervention group compared to the control group (p < 0.05). The study
reported highly encouraging results and was found to be potentially effective, feasible and
acceptable in improving gross motor skills in toddlers. Implementing interventions in toddlers
is therefore a promising avenue to improve gross motor skills, although further studies are
needed to examine the efficacy and effectiveness and compare these results to older children.

The early presence of sex differences in toddlers was an interesting finding of this Doctoral
research. These sex differences are likely to be associated with social and environmental
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influences such as family, peers and teachers or cultural background, rather than biological or
physiological factors (Adolph, Karasik, & Tamis-LeMonda, 2010; Garcia, 1994; Thomas &
French, 1985). Similar results when looking at sex differences were found in a recent
systematic review on the correlates of gross motor skills in children (Barnett, Lai, et al., 2016).
This review was conducted in children aged three to 18 years and showed sex differences are
present at an early age and continue to be present and even increase throughout childhood. One
way of targeting sex differences might be through implementing sex-specific gross motor skill
interventions such as the one described in Chapter 7 and earlier on in this discussion (Robinson
et al., 2017; Veldman, Palmer, et al., 2017). However, more research is needed to examine how
these sex differences can be addressed as early as possible taking the different social and
environmental influences into account.

Another interesting finding from the current study is the negative association between gross
motor skills and age. This finding is in contrast with the recent systematic review on correlates
of gross motor skills (Barnett, Lai, et al., 2016). One possible explanation for these
inconsistencies might be due to the type of data reported. In this study standard scores were
used for analysis whereas raw scores are commonly used in other papers (Barnett, Lai, et al.,
2016; Iivonen et al., 2011; Saraiva et al., 2013). Standard scores were deemed appropriate for
this paper in order to examine gross motor skill levels across ages and between sexes. Even
though children increase their raw scores over time, scores were lower for older children when
comparing standard scores (age- and sex-adjusted scores). When examining levels of
competence in children, it is important for future studies to look at standard scores instead of
raw scores. In this way, scores can be compared across different age groups and sexes.
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12.2 Strengths and limitations
The first study of this Doctoral research was novel in examining the prevalence of gross motor
delay and associated risk factors in low-income and regional and remote communities in
Australia and one of few internationally. It included a unique sample of children aged three to
five years with a high proportion of Australian Aboriginal children.

The results from this study are limited by the study design and response rates of parents to the
demographic questionnaire. The cross-sectional design only allowed for the examination of
associations and did not allow for the examination of causality. Parents were asked to respond
to a detailed demographic questionnaire. The response rates from all parents was low (~39%),
but was particularly low for families from the lowest socio-economic background and those
living in the most remote areas. This lower than expected response rate may have influenced
the demographic data collected and therefore the outcomes of the analyses.

The second study of this Doctoral research involved conducting a systematic review on gross
motor skill interventions in young children. Strengths included searching multiple databases,
extracting extensive study details, high agreement levels on the methodological quality
assessment and the use of the PRISMA statement.

The study was limited by the absence of a meta-analysis. Effectiveness of interventions could
not be compared since the studies all used different measurement tools to assess gross motor
skills.
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The third study of this Doctoral research, promoting object control skills in preschool-aged
girls, used a well-documented, high quality and evidence-based intervention, CHAMP. It was
unique in targeting sex differences within gross motor skill development and included a
retention test. This is a strength since currently less is known about the maintenance of skill
improvements following a gross motor skill intervention.

Although significant results were reported, there was an unequal amount of children in the
groups (intervention group and control group) due to physical constraints around child safety
at the setting. Intervention studies with an equal amount of children per group will strengthen
results as the current analyses were not highly sensitive to differences in sample size to mitigate
this limitation. Additionally, the sample was relatively homogenous (i.e. little variation in
racial-ethnic background of participants). Even though inter-rater reliability has been
previously established, a limitation of this study was also the absence of additional inter- or
intra-relater reliability assessments

The fourth and main study of this Doctoral research, gross motor skills in toddlers, was unique
given the large sample size and the age of the participants. Valid, reliable and age-specific
assessment tools were used to assess gross motor skills and cognitive development. Physical
activity was measured objectively using GT3X+ accelerometers and analysis of physical
activity data was done using cut points recommended for toddlers. Lastly, data analyses in all
papers were conducted while adjusting the analyses for clustering.
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Limitations of this study included the research design. The cross-sectional design prevented
the examination of causality between gross motor skills, physical activity, cognitive
development, and socio-demographic factors as it only allowed for the examination of
associations. The norms presented to interpret gross motor skill scores and cognition scores in
the assessment tools, the PDMS-2 and Bayley-III, were based on samples from the USA. Since
these are the only norms available, some results should be interpreted with caution due to
differences in cultural background. Another limitation of the study is the absence of intra- and
inter-rater reliability assessments.

12.3 Implications for future research
12.3.1 Study 1
Results from the first study of this Doctoral research showed a higher prevalence and higher
risk of gross motor delay in children from low-income communities, especially boys,
Aboriginal children and underweight children, in Australia. Recommendations based on these
findings include the importance of early screening programs, as well as early commencement
of effective gross motor skill interventions. These interventions should ensure all children have
the opportunity to develop their gross motor skills and prevent them from lagging
developmentally behind their peers when entering primary school. Specific recommendations
for future research regarding gross motor skill interventions will be discussed in the following
paragraph.
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12.3.2 Study 2 and Study 3
The systematic review presented in Chapter 5, as well as other more recent reviews, uniformly
show that despite the need for more evidence-based gross motor skill interventions for young
children, relatively few have been evaluated (Riethmuller et al., 2009; Van Capelle et al., 2017;
Veldman et al., 2016; Wick et al., 2017). Several recommendations for future research were
made in these reviews such as the need for more high-quality gross motor skill interventions
in young children, the need to examine what intervention components are most effective, the
optimal intervention ‘dose’ and lastly, future research should be consistent in the use of a gross
motor skill assessment tool to allow for comparison of results among studies.

When examining intervention components and an optimal dose, the following questions
remain unresolved. It is unknown how long an intervention should run for (duration), what the
optimal length of an intervention session is and how many times per week the intervention
should be delivered (frequency). The optimal intervention content and context also need further
research as it is unknown what makes an intervention effective. This includes examining the
physical environment such as equipment, specific intervention components such as the use of
music or games and both child and facilitator behaviors such as enthusiasm and engagement.
Additionally, it is unknown whether interventions can be best delivered via demonstration or
facilitation and whether interventions should be delivered by trained movement specialists,
setting teachers or staff, or even parents. All these variables will differ per age group and
setting, and special attention might be needed for certain groups (e.g. additional object control
skills instruction for girls) (Robinson et al., 2017; Veldman, Palmer, et al., 2017).
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Several studies have tried to answer these questions by examining intervention dose or
instruction. The systematic review by Logan et al. (2011) examined the relationship between
the effect size of the pre- to post-improvement of gross motor skills and the duration of the
intervention (Logan, Robinson, et al., 2011). Results, unexpectedly, revealed this relationship
was non-significant. The systematic review by Wick et al. (2017) also examined the doseresponse relationship according to the duration of the interventions (Wick et al., 2017). Results
showed that interventions with a short duration (n = 17, four weeks to five months) had
significantly higher effect sizes on overall gross motor skills compared to interventions with a
shorter duration (n = 8, ≥ six months) (weighted mean SMDbetween = 1.43, 95% CI 0.49-2.38).
Both reviews argue children might reach a ceiling effect after a critical amount of instruction
meaning interventions might not sufficiently adapt to improvements to keep up a stimulus. The
provided activities might become monotonous and lead to a loss of interest and engagement,
and there might be a difference between total session time and actual motor skill instruction
time. However, these reasons could not be further examined due to the limited number of
studies meeting inclusion criteria and the absence of details on these factors in the methods
sections. Intervention setting and delivery was also examined by Wick et al. (2017) (Wick et
al., 2017). The setting (kindergarten vs childcare center) did not play a role in the efficacy of
the interventions but delivery did. Interventions delivered by external experts (n = 11) were
more efficacious in improving gross motor skills compared to interventions delivered by local
staff (n = 12) (weighted mean SMDbetween = 1.46, 95% CI 0.52-2.40). Van Capelle et al. (2017)
examined delivery by comparing teacher-led (n = 13), child-centered (n = 6) and parent-led
(n = 1) interventions (Van Capelle et al., 2017). Results showed teacher-led interventions were
effective in improving children’s gross motor skills (SMD = 0.14, 95% CI 0.06-0.21) but
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conclusions regarding the most effective type of intervention delivery could not be made due
to methodological issues. More research is needed to examine specific intervention
components (i.e. content, context and duration of the intervention, and length and frequency
of the sessions) to identify what makes an intervention successful and why.

Specific recommendations from Chapter 5 include a higher dose with at least two intervention
sessions per week and implementation of gross motor skill interventions in early childhood
education and care settings (Veldman et al., 2016). It is recommended for researchers and
setting staff to engage in a partnership approach in which they collaborate in designing and
implementing a feasible and acceptable intervention to maximize success. Professional
development for staff in the area of gross motor skills should be an important component in
future interventions to increase the quality of practice in early childhood education and care
settings. Additionally, it was recommended to include parents as they play an important role
in the development of gross motor skills through role modeling and through providing the right
opportunities, encouragement, and support.

Future research should also critically review characteristics of the children exposed to an
intervention. These characteristics could include a variety of factors including physical (e.g.
leg length) and cognitive (e.g. attention) factors. This information is important as these
characteristics might influence children’ responses to interventions. Additionally, children’s
engagement in the intervention is important to investigate as this is likely to be associated with
intervention outcomes.
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The third study, presented in Chapter 7, was one of the first studies to specifically target sex
differences present in gross motor skills. The study showed the CHAMP intervention was
effective in improving object control skills in preschool-aged girls and it was recommended
for future research to examine whether girls are able to ‘catch-up’ to boys. This
recommendation was addressed by Robinson et al. (2017) (Robinson et al., 2017). Girls
demonstrated a similar learning rate as boys, but did not catch up to them. It therefore remains
unclear how much additional object control skills instruction is needed for girls to catch-up to
boys. Additionally, longitudinal studies to examine the effects of an object control skill
intervention on physical activity levels are recommended.

Besides examining the most effective intervention components or targeting specific
populations, future research should examine the maintenance effect of gross motor skills
interventions. The study described in Chapter 7 examined the maintenance of object control
skills over a short period of time with positive outcomes (Veldman, Palmer, et al., 2017). Two
other studies examined the maintenance effects of an intervention. A longitudinal study
conducted in preschoolers examined if children who participated in a 10-month motor skill
intervention were still more competent in gross motor skills three years after completion of the
intervention compared to children in the control group (Zask, Barnett, Rose, et al., 2012).
Results showed that girls in the intervention group maintained better object control skill
competence compared to girls in the control group. There were no differences at follow-up
between the intervention and control group for girls’ locomotor skills and boys’ locomotor and
object control skills.
after completion of an

A more recent study conducted follow-up measurements two years
18-week physical activity intervention in preschoolers (Bellows et
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al., 2017). Between the completion of the intervention and follow-up measurements children
were provided with

five-monthly ‘booster’ activities (15-20 minutes) to sustain any gross

motor skill changes. Results showed that there was still a significant intervention effect present
for object control skills. More research is needed to examine the long-term effects of gross
motor skill interventions as it relates to the influence of the intervention dose and factors that
potentially mediate the maintenance of skill improvements such as sports participation.
Examining the influence of gross motor skill interventions on children’s play behavior (e.g.
engagement in motor activities and purposeful practice) and physical activity outside the
intervention time, e.g. during free play, also warrants further investigation. This needs to be
investigated both during as well as after the intervention period.

12.3.3 Study 4
The fourth study of this Doctoral research was conducted in children under the age of three
years. Results contributed to two phases of the Behavioral Epidemiology Framework but a
need for more research in this young age group remains. The phases of the Framework will be
discussed in the context of gross motor skills in children under the age of three years to identify
gaps in the current literature leading to evidence-based interventions in this young age group.

Phase 1 aims to examine associations between gross motor skills and health. This Doctoral
research contributed to this phase by examining the associations between gross motor skills
and physical activity (Chapter 9), and gross motor skills and cognitive development (Chapter
10). For future research, longitudinal studies are recommended to examine the relationships
between gross motor skills and both physical activity and cognitive development. Additionally,
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it is recommended to examine the underlying mechanisms for these associations and
relationships. This information will contribute to understanding how and why these
relationships evolve with a child’s increasing age. Other health-related factors and
developmental areas to be examined include health-related fitness (e.g. cardiorespiratory
fitness, muscle strength, muscular endurance, and muscular flexibility), perceived motor
competence, social-emotional development, and language development.

Phase 2 aims to develop methods for measuring gross motor skills. This Doctoral research did
not address this phase since valid and reliable measurements of gross motor skills in children
under the age of three were available. In the discussion of the studies presented in this Doctoral
thesis, concerns were raised about comparing results across different studies due to
methodological differences. Currently, different measurement tools (e.g. product versus
process measurements) are used to assess gross motor skills and most measurement tools only
have one norm to be used across different countries and cultures. In order to examine and
compare gross motor skill development across ages and across different countries and cultures,
a new measurement tool is needed. This tool should be feasible to be used across infancy,
childhood and adolescence and include country- and culture-specific norms to ensure a correct
interpretation of results.

As mentioned in Chapter 2, the TGMD-3 is currently being finalized. This third edition of the
TGMD tried to overcome some of the limitations from the previous versions and current
measurement tools by changing the amount and type of included skills and adding international
norms. The TGMD-3 includes 13 skills in comparison to 12 skills in the second edition, i.e.
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two skills were eliminated and the one hand side arm strike, underhand throw (toss), and the
skip were added to increase appropriateness of skills across different countries. Additionally,
the test is being validated in different countries by conducting cross-cultural translations
(Estevan et al., 2017; Valentini, Zanella, & Webster, 2017; Wagner, Webster, & Ulrich, 2017;
Webster & Ulrich, 2017).

Phase 3 aims to identify factors that influence gross motor skills. This Doctoral research
contributed to the third phase by examining socio-demographic factors that influence gross
motor skill development (Chapter 11). Other factors to be examined include, but are not limited
to, child characteristics such as race or ethnicity and cultural background; parental influences
such as parental behaviors and practices, and family characteristics; and environmental
characteristics such as the early childhood setting and area of living. Examining these factors
will help identifying what children are at-risk of poor gross motor skill development and falling
behind on their peers. This in turn will contribute to developing the most effective way to target
poor gross motor skill competence and therefore health- and developmental-related areas such
as physical inactivity and poor cognitive development as early as possible.

Current levels of gross motor skills in this young age group were examined and presented
alongside associated socio-demographic factors in Chapter 11. Longitudinal studies are
recommended to examine and monitor levels of gross motor skill competence from an early
age as this will help to identify at what age children are getting behind in their gross motor
skill development and at what age sex differences start to appear.
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Phase 4 aims to evaluate interventions to improve gross motor skills. This Doctoral research
did not address this phase due to the gaps in the literature in earlier phases of the framework.
Examining the effect of gross motor skill interventions in young children will be an upcoming
area of interest in gross motor skill research. It will be an important phase to address in future
studies. A previous pilot study conducted in toddlers showed promising results (Veldman et
al., 2015), but as mentioned earlier on in this discussion more research in this area is needed.

Phase 5 aims to translate research into practice. This phase was not addressed in this Doctoral
research but translating research into practice is a very important and ongoing research
question. Therefore, translation of research into practice will be discussed for gross motor skill
interventions in light of the whole thesis (children under the age of five years).

Interventions can be translated into practice by making them feasible and acceptable to be used
in early childhood settings. This will be influenced by the intervention components,
implementation method and resources needed. Regarding intervention components, it might
be more effective to implement a gross motor skill intervention for an hour per day, however,
this might not be feasible within the settings’ curriculum and daily practice. Another example
is intervention delivery. It might be more effective to have a trained motor or movement
specialist deliver the intervention but it might not be sustainable financially or practically to
have a specialist come in for intervention delivery. As mentioned in Chapter 5, professional
development of educators, teachers and staff of early childhood settings in the area of gross
motor skill development might be an important component for future gross motor skill
interventions. This is a good example of translating research into practice as this will increase
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the quality of practice in early childhood settings. It might also be more cost-effective and
more importantly, it might be an important avenue in developing sustainable interventions.
Another consideration regarding sustainability of an intervention includes the resources needed
to deliver the intervention. Interventions with a limited amount of affordable and long-lasting
resources or equipment will be most feasible.

Researchers and setting staff need to collaborate in order to design a feasible, appropriate and
sustainable intervention to ensure long-term success. Future intervention research should
therefore be guided by translating research into practice.

Only a few translational studies have been conducted to date. A translational randomized
controlled trial examined a gross motor skill and physical activity program, Jump Start, in early
childhood education and care settings in Australia (Jones, Okely, Hinkley, Batterham, &
Burke, 2016; Jones et al., 2011). This intervention was designed following formative research
and significant intervention effects were reported when implemented by setting staff who had
received professional development by the researcher (Jones et al., 2011). In a following study,
the intervention was solely facilitated by setting staff, i.e. both professional development and
intervention sessions (Jones et al., 2016). Even though no significant improvements in gross
motor skills were seen, the study highlighted the potential for teacher-led interventions as these
interventions have several advantages regarding sustainability and generalizability. For future
translational research it was recommended to examine an optimal dose for both professional
development (i.e. ongoing staff support might be needed) as well as intervention sessions to
prevent the dilution of intervention effects.

191

12.4 Conclusions
Gross motor skills are seen as the foundation for advanced movement and motor behavior.
They are essential skills required in sports and physical activity and include amongst others
running, jumping, kicking and throwing (Gallahue & Ozmun, 2002). Higher competence in
gross motor skills has a positive effect on children’s developmental trajectories by being
beneficial for several health-related and developmental outcomes (Lubans et al., 2010;
Robinson et al., 2015; Stodden et al., 2008). Levels of gross motor skills in preschoolers and
children are suboptimal, but less is known about younger children (Bardid et al., 2016; Hardy,
King, Farrell, et al., 2010; Hardy et al., 2012; Okely & Booth, 2004). Given the importance of
gross motor skills and the low levels demonstrated, there is a need for high-quality gross motor
skill interventions. Currently, available evidence on gross motor skills and interventions in
young children focuses mainly on children aged three to five years. Examining gross motor
skills in children under the age of three years contributes to identifying the optimal age to
intervene.

The studies included in this Doctoral research aimed to add to the evidence-based literature on
gross motor skills in the early years by filling several important research gaps. The first study
showed that there is a higher than expected prevalence of gross motor delay and risk of gross
motor delay in preschoolers from low-income and disadvantaged areas in Australia with a high
proportion of Australian Aboriginal children. Results reinforced the need for early screening
programs and implementation of appropriate and effective gross motor skill interventions. The
second study, a systematic review, showed gross motor skill interventions are effective in
enhancing gross motor skills in young children (i.e. < five years). However, the quantity of
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high quality intervention studies that have been conducted to date is limited. The third study
aimed to address the gap in the literature regarding gross motor skill interventions in young
children with a high-quality intervention. The study examined the effectiveness of an object
control skill intervention in preschool-aged girls since girls demonstrate lower levels of object
control competence compared to boys and these skills might be related to physical activity
levels later in life. Results showed the CHAMP intervention was effective in improving girls’
object control skills. For future intervention research it is recommended to examine what
components are most effective in enhancing children’s gross motor skills. Most importantly,
this research should be guided by translating research into practice. This means high-quality
intervention studies should be designed to be implemented in feasible, acceptable and
sustainable early childhood settings.

The fourth and main study of this Doctoral research aimed to address the gap in the gross motor
skill literature in children under the age of three. This is important as it is recommended for
gross motor skill interventions to commence as early as possible while differences in
competence levels are still small. Results from this study contributed to two phases of the
Behavioral Epidemiology Framework leading to evidence-based gross motor skill
interventions in children under the age of three. The study was conducted in children aged 11
to 29 months and results showed the level of gross motor skills was significantly associated
with cognitive development but not with physical activity in this young age group. Results also
showed that around one-quarter (23.5%) of the children performed below average in gross
motor skills. Further research is needed to complete this framework and to contribute to
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designing effective interventions in this young age group. Feasible, acceptable and sustainable
interventions are of high priority in early childhood settings.

This Doctoral research filled an important gap in the literature and contributed to a better
understanding of gross motor skills in young children, especially toddlers. This research will
be useful to inform and guide researchers, practitioners and policymakers on best practice at
this important stage of early childhood development. Results reinforce the importance and need
for early commencement of gross motor skill promotion. Gross motor skills, including
locomotor skills, object control skills, and stability skills, should be taught in early childhood
settings as these settings are ideal to reach a large amount of young children, before poor
techniques have developed and while children are motivated to learn. (Riethmuller et al., 2009;
Veldman et al., 2016). Even though interventions seem to be more effective when implemented
by external experts (Wick et al., 2017), collaborations between researchers and setting staff,
and professional development for staff of early childhood settings in the area of gross motor
skill development is recommended as this might be an important component for future gross
motor skill interventions when translating research into practice.
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